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MALARIA  CONTROL  IN  THE  WAR  AREAS 


By  Louis  L.  Williams  Jr.,  M.  D. 
Medical  Director,  17.  S.  Public  Health  Service 
and 

Mark  D.  Hollis,  C.  E. 
Sanitary  Engineer,  U.  S.  Public  Health  Service 

In  World  War  II,  as  in  past  conflicts,  numerous  major  public 
health  problems  challenge  the  ingenuity  and  resourcefulness  of  the 
public  health  profession.  Satisfactory  prosecution  of  the  war  de- 
pends in  no  small  measure  on  the  effective  handling  of  these  haz- 
ards. Among  the  major  public  health  problems,  control  of  malaria 
has  a  prominent  place. 

Intensification  of  the  national  defense  effort  early  in  1941 
resulted  in  concentrations  of  military  and  industrial  manpower  in 
malarious  areas.  Cantonments  and  war  plants  mushroomed  in  many 
thinly  populated  areas  in  southern  states  thus  creating  a  hazard 
where  malaria  previously  had  not  been  of  major  significance.  Coin- 
cident with  these  increased  problems,  technical  staffs  of  the  S"tate 
Health  Departments  were  being  depleted  by  transfer  to  the  armed 
forces.  Supplemental  Federal  aid  was  needed.  During  May  and 
June  of  that  year,  the  U.S.  Public  Health  Service,  in  collaboration 
with  the  State  Health  Departments,  initiated  mosquito  control  meas- 
ures in  all  critical  national  defense  areas.  Subsequent  to  July  I, 
1941,  with  funds  available  to  the  Public  Health  Service  for  technical 
supervision,  the  program  was  continued,  using  WPA  labor  and 
materials. 

Policies  and  Scope 

Following  the  Declaration  of  War,  funds  were  allocated  to  the 
Public  Health  Service  for  direct  operation  of  anti-malarial  measures 
in  war  areas.  This  activity,  Malaria  Control  in  War  Areas,  estab- 
lished headquarters  in  Atlanta,  Georgia.  Operations  were  initially 
restricted  to  the  fifteen  southeastern  states  and  Puerto  Rico,  but 
subsequent  modifications  added  three  bordering  states,  the  District 
of  Columbia,  and  limited  areas  on  the  West  Coast.  Extension  of 
the  program  to  war  areas  in  other  states,  Territories  or  Possessions, 
will  be  authorized  if  malaria  jeopardizes  the  war  effort. 

The  program,  Malaria  Control  in  War  Areas,  is  a  joint  under- 
taking by  the  U.  S.  Public  Health  Service  and  the  State  Health 
Department.  It  is  designed  to  control  production  of  malaria  mosqui- 
toes and  reduce  malaria  transmission  in  military  extra-cantonment 
zones  and  essential  war  industrial  areas.  The  malaria  control  bu- 
reaus of  the  State  Health  Departments  operate  the  projects,  utilizing 
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manpower  and  material  resources  of  the  Public  Health  Service. 
Policy  direction  is  exercised  and  technical  consultation  is  provided 
by  the  Headquarters  office  at  Atlanta  in  collaboration  with  the  Pub- 
lic Health  Service  Districts. 

The  Army  and  Navy  operate  mosquito  suppressive  measures 
within  the  boundaries  of  military  reservations,  relying  on  the  Public 
Health  Service  to  complement  their  program  in  contiguous  civilian 
areas.  These  programs  have  added  significance  since  the  cycle  of 
malaria  prevalence  probably  reached  its  mean  low  point  in  1941  and 
an  upward  trend  in  malaria  incidence  may  occur  in  1943. 

The  organization  functions  through  close  coordination  of  the 
medical,  engineering  and  entomological  services  essential  to  an 
effective  well-balanced  malaria  control  program.  Medical  services 
provide  interpretation  of  morbidity  and  mortality  statistics  on  ma- 
laria, supervision  of  thick-film  blood  slide  surveys  to  determine  inci- 
dence of  malaria  in  and  near  war  areas,  consultation  on  medical 
malaria  problems,  and  direction  of  the  education  program.  Engi- 
neering staffs  are  charged  with  the  inauguration  and  operation  of 
actual  control  activities,  selection  and  allocation  of  equipment  and 
supplies,  preparation  of  engineering  plans,  and  determination  of 
control  methods.  Entomological  services  are  maintained  to  deter- 
mine the  incidence  and  density  of  malaria  vectors,  particularly 
A.  quadrimaculatus,  locate  breeding  places  and  check  effectiveness 
of  control  measures.  Reports  of  the  entomological  service  for  the 
season  just  ending  indicate  that  mosquito  control  was  adequate. 
There  were  breaks  in  technique  at  about  the  rate  of  8  %  a  month  but 
the  field  entomological  check  apparently  caught  these  in  time  and 
control  was  reestablished.  No  malaria  outbreaks  were  reported  in 
any  war  area  during  the  1942  season. 

Control  of  obnoxious  mosquitoes  under  the  present  appropria- 
tion was  specifically  excluded.  However,  surveys  of  obnoxious 
mosquito  problems  are  authorized  as  is  control  of  Aedes  aegypti 
mosquitoes  where  such  measures  have  a  definite  war-connected 
significance. 

At  the  request  of  the  Navy  Department,  special  surveys  are 
being  made  to  determine  the  cost  of  controlling  obnoxious  mosqui- 
toes in  the  vicinity  of  a  selected  group  of  navy  establishments.  Pre- 
liminary findings  indicate  that  a  reasonable  reduction  of  mosquito 
prevalence  can  be  secured  in  seven  of  the  eleven  areas  under  survey. 
In  some  instances  extensiveness  of  breeding  marshes  and  infeasibility 
of  drainage  because  of  complicating  factors  such  as  tidal  limitations 
will  permit  only  limited  control. 

In  June  of  this  year  the  Public  Health  Service,  following  an 
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appeal  by  the  Navy  Department,  inaugurated  Aedes  aegypti  control 
measures  at  Key  West,  Florida  as  protection  against  dengue  and 
yellow  fever.  Subsequent  Aedes  aegypti  surveys  at  1 3  southern  ports 
of  entry  revealed  indices  ranging  from  20  to  40.  Heavy  military 
traffic,  particularly  by  air,  from  endemic  areas  increases  the  hazard 
of  yellow  fever  introduction.  Sporadic  dengue  fever  might  become 
epidemic  in  areas  where  war  personnel  are  concentrated,  if  produc- 
tion of  Aedes  aegypti  is  permitted  to  continue  unabated.  Control 
operations  have  been  extended  to  include  the  lower  Rio  Grande 
Valley  and  three  other  points  in  Texas;  Charleston,  South  Carolina 
and  supplementary  assistance  to  the  existing  program  at  Miami, 
Florida.  In  addition  to  community  education,  inspections  of  prem- 
ises to  eliminate  water-containing  vessels  of  all  types,  supplemented 
by  house  spraying,  if  necessary,  constitute  the  principal  project 
activities. 

For  these  three  activities  the  total  annual  expenditure  is  approx- 
imately $8,000,000,  of  which  $6,500,000  is  provided  by  the  Public 
Health  Service.  Personal  service  costs  account  for  four-fifths  of  the 
funds  expended  and  the  remainder  is  distributed  among  equipment, 
supplies,  rentals,  travel  and  miscellaneous  items.  The  large  amount 
of  administrative  detail  involved  in  the  execution  of  a  widely-scat- 
tered program  of  this  magnitude  has  necessitated  revision  and  sim- 
plification of  many  long-standing  procedures. 

Organization  and  Operation 

A  large  percentage  of  the  troops  now  in  training  are  stationed 
in  the  malarious  area  of  continental  United  States.  Control  meas- 
ures cover  extra-cantonment  zones  and  the  environs  of  earby  towns 
regularly  frequented  by  military  personnel.  Of  equal  importance 
are  the  vital  war  industrial  areas  located  in  the  malaria  belt.  The 
program  is  now  operating  in  137  war  areas  located  in  20  states,  the 
District  of  Columbia,  and  Puerto  Rico.  Protection  is  provided  to 
570  war  establishments,  including  army  and  navy  reservations,  air 
fields,  vital  war  industries,  and  housing  and  recreational  facilities 
for  military  and  industrial  personnel.  To  do  the  work,  a  total  of 
about  3800  persons  have  been  employed  in  the  professional,  sub- 
professional  and  labor  classifications. 

The  main  attack  against  malaria  is  through  control  of  anophe- 
line  production  by  application  of  larvicides  on  all  breeding  places 
within  flight  range  of  the  protected  war  establishment.  The  average 
larviciding  unit  consists  of  foreman,  four  oilers  or  dusters  and  a 
truck.  Size  of  the  control  operation  determines  the  number  of  larvi- 
cidal  units.  These  units  operate  under  an  area  supervisor  who  also 
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directs  the  mosquito  inspectors  and  a  small  crew  engaged  in  minor 
drainage  and  clearing.  Activities  incidental  to  the  larvicidal  program 
include  minor  drainage,  brushing,  clearing  and  removal  of  emergent 
vegetation  and  floatage  from  ponds  and  pooled  streams.  Major 
drainage  work  is  prosecuted  where  a  larvicidal  program  alone  would 
he  inadequate  or  too  expensive.  Inauguration  of  any  major  drainage 
project  is  contingent  upon  the  availability  of  man  power  and  equip- 
ment, which  availability  is  considered  in  relation  to  other  urgent  war 
needs.  Installation  of  permanent  ditch  lining  is  restricted  to  systems 
where  the  hydraulic  gradient  requires  the  use  of  lining,  or  where 
the  ditches  are  an  integral  part  of  a  drainage  system  of  a  permanent 
community  and  the  necessary  materials  are  furnished  locally.  Thir- 
teen major  drainage  projects  are  now  in  operation.  Other  essential 
drainage  will  be  prosecuted  during  the  winter  months. 

For  the  five  months  ending  November  1,  approximately  1.5 
million  gallons  of  oil  and  over  100  tons  of  pans  green  were  used  to 
control  A.  quadrimaculattis  production  along  about  31,000  miles 
(accumulative)  of  ditches  and  80,000  acres  (accumulative)  of  ponds 
and  streams.  Incidental  clearing  integrated  with  the  larvicidal  pro- 
gram, eliminated  or  reduced  the  need  for  larvicidal  treatment  in 
about  3000  miles  of  ditches  and  streams  and  4000  acres  of  ponds. 
In  addition,  some  1900  miles  of  ditches  and  3000  acres  of  ponds 
were  cleaned  debris  and  vegetation.  Airplane  dusting  with  paris 
green  was  used  in  covering  about  4000  acres  of  breeding  surface  in 
two  states. 

Larvicide  application  is  accomplished  largely  with  hand  spray- 
ers and  dusters.  Over  2600  hand  sprayers  and  more  than  1000  hand 
dusters  are  in  use.  The  magnitude  of  the  problem  at  certain  places 
has  necessitated  providing  37  power  sprayers,  10  water-oil  units,  30 
power  dusters,  and  4  power  mixers  in  order  to  obtain  satisfactory 
control.  For  incidental  clearing  and  drainage  work  shovels,  picks, 
and  cutting  tools  have  been  procured  and  distributed.  Labor  crews 
are  mobilized  by  means  of  approximately  450  automotive  vehicles. 

The  administrative  organization  for  this  extensive  program  was 
created  on  a  stream-lined  basis  with  direct  contact  between  the 
Headquarters  and  the  State  offices.  An  administrative  assistant  and 
clerical  aides  are  assigned  to  each  state  to  expedite  the  flow  of  ad- 
ministrative matters.  No  clerical  force  is  maintained  at  the  projects. 
Time  sheets,  report  and  appointment  forms  are  devised  to  permit 
the  area  supervisor  and  his  technicians  to  maintain  pencil  records 
in  duplicate  with  all  typing  and  computations  handled  by  the  state 
and  headquarters  office.  Engineers  and  entomologists  are  detailed 
to  Public  Health  Service  District  Offices  to  assist  the  state  malaria 
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control  bureaus  with  the  administrative  and  technical  operation  of 
the  program. 

Of  the  difficulties  experienced  in  the  operation  of  the  program, 
the  extreme  paucity  of  trained  technical  personnel  heads  the  list. 
This  is  especially  true  of  engineers  and  entomologists.  Within  the 
past  year  about  60%  of  the  trained  or  partially  trained  professional 
personnel  was  released  to  the  armed  forces.  Recruitment  of  profes- 
sional people  replaced  less  than  half  of  these  losses.  As  a  solution, 
subprofessional  personnel  beyond  the  limitation  of  Selective  Service 
have  been  recruited,  trained,  and  are  being  used  as  area  supervisors 
in  many  states.  Shortages  of  equipment  and  materials,  priorities  and 
rationing  have  further  complicated  the  administration  of  the  pro- 
gram. This  has  been  partly  offset  by  obtaining  surplus  property 
stores  from  curtailed  governmental  agencies  and  by  establishing 
administrative  machinery  for  direct  handling  of  priorities  and  ra- 
tioning. 

In  the  present  war,  the  degree  of  necessity  and  availability, 
man  power  and  materials  have  replaced  the  dollar  sign  as  the  yard- 
sticks for  measuring  justification  for  control  projects  and  extent  of 
operations.  Concentrations  and  intermingling  of  war  personnel 
obviously  increase  the  potentiality  of  local  outbreaks,  especially  if 
an  upward  trend  in  malaria  incidence  should  materialize.  As  a 
compensating  factor  of  safety,  in  the  event  of  an  outbreak,  emer- 
gency supplementation  of  existing  control  work  is  planned.  This 
includes  pyrethrum  spraying  of  interiors  for  destruction  of  roosting 
engorged  A.  quadrimaculatus.  A  mobile  emergency  unit  with  com- 
plete equipment  and  trained  personnel  has  been  assembled  which 
can  be  dispatched  upon  a  few  hours'  notice. 

The  program,  Malaria  Control  in  War  Areas,  is  designed  to 
make  full  and  complete  use  of  existing  federal,  state  and  local  per- 
sonnel and  equipment  resources.  This  requires  coordination  of  the 
activities  of  all  agencies.  The  complete  cooperation  of  all  State 
Health  agencies  brought  the  present  success  and  its  continuance 
assures  the  future. 


"ANTI-MALARIA  DITCHING  BY  DYNAMITE" 

Nelson  H.  Rector 
Sanitary  Engr.  (R)  17.  S.  Public  Health  Service,  Federal  Security  Agency 

The  blasting  of  open  earth  ditches  in  wet  or  marshy  ground  has 
had  long  and  successful  practice  at  the  hands  of  landowners,  public 
health  agencies,  railroad  companies,  highway  departments,  contract- 
ors, and  the  U.  S.  Government.  This  nation  is  now  engaged  in  an 
all-out  war  effort  and  it  is,  therefore,  highly  important  that  quick, 
direct,  and  economical  methods  of  ditching  be  employed.  Blasting 
is  quick,  when  time  is  such  an  important  factor.  It  requires  little 
labor,  when  there  is  such  a  decided  shortage  of  labor.  It  eliminates 
the  use  of  equipment,  when  the  materials  required  to  produce  equip- 
ment necessary  to  drainage  work  are  so  critically  needed  in  the 
prosecution  of  the  war  effort. 

Ditching  with  dynamite,  where  indicated,  has  numerous  ad- 
vantages which  make  it  useful  for  war  work.  It  is  generally  the  least 
expensive  method  for  ditching  in  soft  mucky  soils  or  through  heavily 
wooded  swamps.  It  permits  ditching  in  ground  too  boggy  to  be 
shoveled  or  through  ground  so  soft  that  there  is  no  footing  for  a  horse 
or  support  for  wheels.  (Although  dynamite  can  be  used  for  ditching 
in  dry  soils  the  unit  cost  is  generally  higher).  To  the  malaria  control 
engineer  it  is  particularly  valuable  as  it  is  the  quickest  known  means 
of  constructing  an  open  earth  ditch— after  the  right-of-way  has  been 
cut,  a  crew  of  three  to  ten  men  can  blast  750  to  3000  feet  of  channel 
in  one  day.  With  all  of  its  advantages,  drainage  by  dynamite  is 
unquestionably  a  specialized  work  and  it  is  imperative  that  an  expe- 
rienced blaster  supervise  the  operation. 

The  blasted  ditch  is  produced  bv  the  explosion  of  a  series  of 
charges  of  dynamite  placed  in  a  single  line  of  holes  or  in  several 
lines  of  holes  at  given  intervals  and  depths.  By  placing  equal  charges 
at  the  proper  depth  and  correct  spacings,  and  by  detonating  at  the 
same  time,  it  is  possible  to  blast  a  ditch  with  regular  width  and 
depth.  Following  this  principle,  an  experienced  blaster  can  accu- 
rately construct  a  ditch  of  the  desired  dimensions.  A  blasted  ditch  is 
usually  two  to  three  times  as  wide  as  it  is  deep  and  the  sides  slope 
to  the  ratio  of  one  to  one  (45  degrees). 

If  the  charge  is  of  the  correct  size  and  is  placed  properly,  in 
most  instances,  the  only  work  required  after  the  blast  is  to  remove 
a  few  drifts,  and  cut  roots  and  logs  remaining  in  the  bottom  and 
sides  of  the  ditch. 

The  blasting  method  of  constructing  ditches  may  be  em- 
ployed for  making  almost  any  open  ditch  in  any  type  of  soil  except 
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very  thin  muck,  dry  sand  or  gravel.  About  the  smallest  ditch  that 
can  be  economically  blasted  is  one  two  feet  deep  and  three  feet 
wide,  and  the  largest,  ten  feet  deep  and  thirty  feet  wide.  The  size 
or  capacity  of  the  ditch  required,  the  grades,  the  depth  and  the  line 
should  be  selected  by  a  qualified  engineer.  In  general,  the  line 
should  be  as  straight  as  possible,  but  should  remain  on  low  ground. 
A  fall  varying  from  0.1  to  0.5  feet  per  100  feet  has  been  found  to  be 
satisfactory. 

There  are  two  distinct  methods  of  ditching  with  dynamite,  the 
propagation  and  the  electric.  The  propagation  method  can  only  be 
used  in  wet  soils,  while  the  electric  can  be  used  in  either  wet  or  dry 
soils.  The  explosives  and  blasting  supplies  needed  and  the  methods 
of  loading  van'  considerably  in  the  two  methods.  In  the  propagation 
method,  a  line  of  holes  is  put  down  and  loaded  with  50  to  60% 
straight  nitro-glycerin  dynamite.  Only  one  hole  is  primed  and  fired, 
either  with  an  ordinary  blasting  cap  and  fuse  or  with  an  electric 
blasting  cap.  Since  accidents  have  happened  by  the  use  of  fuses, 
this  method  has  been  largely  discontinued  and  instead  the  electric 
blasting  machine  is  used  for  the  detonation  of  shots.  If  the  charge 
fails  to  explode,  the  machine  can  be  disconnected  and  no  danger 
results  when  steps  are  taken  to  determine  why  the  explosion  did  not 
occur  as  planned.  The  shock  from  the  explosion  of  the  primed  cart- 
ridge is  sufficient  to  detonate  the  others.  Frequently,  one-half  mile 
of  ditch  is  shot  at  one  time. 

In  the  electric  method,  each  hole  is  primed  with  an  electric 
blasting  cap,  connected  in  a  circuit,  and  fired  with  an  electric  blast- 
ing machine  of  sufficient  capacity. 

Before  blasting  the  ditch  a  test  shot  of  eight  to  ten  holes  should 
be  made  to  determine  the  size  of  charge  and  the  proper  method  of 
loading.  The  tvpe  of  soil,  moisture  content,  temperature,  the  kind 
of  trees,  and  other  factors  must  be  considered  as  the  success  of  the 
blasting  operation  depends  largelv  on  the  results  of  these  test  shots. 
If  the  loading  is  satisfactory,  the  soil  will  be  lifted  200  feet  in  the  air 
and  scattered  over  the  adjoining  territorv  for  150  feet  on  each  side 
of  the  ditch,  leaving  a  good  clean  ditch.  If  these  objectives  are  not 
obtained  different  loadings  must  be  used.  In  swamps,  for  example, 
the  ditch  is  usually  two  to  three  feet  deeper  than  the  depth  of  charge. 
In  different  soils  it  is  sometimes  necessary  to  load  to  the  proposed 
grade  of  the  ditch.  An  experienced  blaster  can  estimate  accurately 
the  amount  of  dynamite  and  the  depth  of  charge  required  for  spe- 
cific soil  conditions.  If  a  test  shot  demonstrates  that  the  resulting 
ditch  is  larger  than  needed,  the  distance  between  holes  may  be  in- 
creased, but  should  seldom  be  greater  than  twenty-four  inches. 
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After  the  engineer  has  determined  that  sufficient  fall  is  avail- 
able and  has  staked  the  center  line  of  the  ditch,  a  right-of-way. 
varying  from  ten  feet  to  fifteen  feet  wider  than  the  ditch,  is  cleared. 
All  standing  timber  and  logs  must  be  removed,  although  it  is  not 
necessary  to  remove  stumps.  The  reason  that  logs  are  removed  is 
because  they  generallv  fall  back  in  the  ditch,  and  hence,  can  be 
carried  off  the  right-of-way  much  easier  before  the  ditch  is  blown. 
\\  hen  the  ditch  is  located  in  soil  covered  with  a  heavy  sod,  it  is 
advisable  to  cut  the  sod  on  both  sides  of  the  ditch  with  a  spade  or 
plow  before  the  blast. 

In  soft,  swampy  soils,  the  bore  holes  can  be  made  with  a  round 
stick  marked  off  in  feet.  If  manv  roots  are  encountered,  it  will  be 
advisable  to  make  a  punch  bar  of  one  and  one-quarter  inch  galvan- 
ized pipe  with  a  sharpened  point  and  a  cross  bar.  Two  men  using 
this  bar  can  punch  holes  very  quickly  on  the  center  line  to  the 
proper  depth.  Small  ditches  (for  instance  about  2  feet  deep  and 
4  feet  wide)  in  soils  containing  few  roots  can  be  constructed  with 
half  cartridge  charges.  A  cartridge  or  stick  of  dynamite  weighs 
Vi  pound.  \\  hen  using  small  loads,  the  space  between  holes  can 
seldom  exceed  18"  to  20".  Larger  ditches  can  be  dug  by  using  one, 
two,  or  more  cartridges  per  hole,  and  a  second  or  third  row  of  holes 
may  be  put  down  four  or  five  feet  from  the  original  line  and  loaded 
in  the  same  manner.  \\  hen  two  or  three  holes  are  used,  it  will  be 
necessary  to  prime  the  center  hole  in  each  line  with  an  electric  blast- 
ing cap  and  connect  them  in  series,  or  to  put  one  or  two  extra  charges 
between  the  rows  to  insure  simultaneous  detonation  of  all  of  the 
charges.  When  large  stumps  lie  on  the  right-of-way,  it  is  necessary 
to  load  them  separately  and  connect  these  charges  with  the  center 
fine  in  order  to  insure  propagation  of  these  charges.  Considerable 
judgment  is  necessary  for  the  proper  loading  of  large  stumps. 

If  sections  of  the  ditch  are  in  relatively  dry  soil,  the  holes  should 
be  filled  with  water. 

A  good  system  to  follow  when  blasting  large  and  long  ditches 
is  to  fire  the  charges  at  noon  and  in  the  afternoon  after  the  men  quit 
work.  This  system  eliminates  loss  of  time  and  increases  the  safety 
of  the  operation.  Before  firing,  all  tools  and  blasting  supplies  should 
be  removed  to  a  safe  distance. 

It  is  a  good  practice  to  increase  the  estimate  of  dynamite  needed 
by  from  five  to  ten  percent  to  take  care  of  a  few  stumps  and  extra 
loadings.  If  large  stumps  are  thick  on  the  right-of-way,  a  separate 
estimate  for  blowing  stumps  should  be  included. 

When  the  propagation  method  is  used,  a  common  practice  is 
to  place  the  primed  cartridge  in  the  center  of  the  charge,  however, 
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it  can  be  shot  from  the  end.  If  a  blasting  machine  is  used,  the  lead 
wire  to  the  primed  cartridge  must  be  at  least  500  feet  long. 

Dynamite  may  be  used  to  advantage  to  clean  out  old  ditches, 
but  it  is  not  advisable  to  use  this  method  if  the  top  width  is  less 
than  twice  the  depth.  Care  must  be  exercised  in  placing  the  charge 
to  prevent  the  force  of  the  explosion  from  caving  in  the  original 
sides  and  filling  up  the  ditch.  As  it  costs  money  to  move  water,  it  is 
not  considered  feasible  to  clean  out  ditches  that  contain  more  than 
two  feet  of  water. 

Under  ordinary  conditions,  approximately  one  pound  of  dyna- 
mite is  required  to  move  one  cubic  yard  of  soft  mucky  material.  For 
example,  if  it  were  desired  to  construct  a  ditch  having  a  three  foot 
bottom,  a  depth  of  3.0  feet,  and  a  top  width  of  9.0  feet,  through 
mucky  soil  with  few  stumps,  one  cartridge  Q/i  pound)  placed  in 
holes  eighteen  inches  apart  will  give  the  desired  results.  However, 
this  amount  should  be  increased  if  the  soil  is  full  of  roots,  if  the  ditch 
exceeds  three  feet  in  depth,  or  if  unusual  soil  conditions  prevail 

Sometimes  it  is  necessary  to  construct  an  outlet  ditch  across 
bends  in  an  old  natural  channel  in  order  to  increase  the  flow  and 
thereby  effect  better  drainage.  These  cut-offs  can  be  made  very 
economically  if  a  relatively  large  amount  of  water  flows  through  the 
ditch.  This  method  consists  of  the  construction  of  a  small  cut-off 
ditch  with  dynamite,  and  then  depending  on  the  rapid  motion  of 
the  water  to  scour  and  erode  the  ditch  to  the  proper  size.  Instances 
have  been  reported  where  the  size  of  ditches  has  been  increased 
three  or  four  times  by  the  running  water. 

If  this  method  is  used,  a  dam  must  be  built  in  the  upper  end 
of  each  cut-off  in  order  to  prevent  the  water  from  following  its  nat- 
ural course,  and  steps  must  also  be  taken  to  fill  the  old  run  to  a 
grade  so  that  no  water  will  remain  to  breed  mosquitoes  after  the 
ditch  has  been  constructed. 

Vertical  drainage  can  be  used  to  advantage  when  a  pond  is 
underlaid  by  a  strata  of  hardpan  on  top  of  a  water  bearing  strata. 
This  method  is  accomplished  by  drilling  a  hole  almost  through  the 
hardpan  and  loading  it  with  a  sufficient  amount  of  twenty  or  forty 
percent  ammonia  dynamite  distributed  along  the  bore  hole  to  shatter 
the  entire  layer  of  hardpan.  If  the  hardpan  is  of  a  gritty  nature,  no 
further  treatment  is  necessary,  but  when  it  is  slimy  or  silty,  the  load- 
ing must  be  heavy  enough  to  create  a  rough  well  or  crater.  This 
crater  is  then  filled  with  any  sort  of  available  rubbish  such  as  brush 
or  boulders  and  stump  fragments.  This  debris  prevents  clogging  of 
the  drain. 

Vertical  drainage  is  practical  for  draining  clay  pits,  road  and 
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railroad  borrow  pits,  and  small  isolated  ponds  where  horizontal 
drainage  would  be  extremely  costly.  It  must  be  kept  in  mind  that 
this  method  should  never  be  used  unless  prior  approval  for  the  proj- 
ect has  been  obtained  from  the  State  Sanitary  Engineer  or  the  State 
Board  of  Health,  as  the  ground  water  might  become  contaminated. 

Dynamite  has  been  used  this  season  for  ditching  and  draining 
two  large  Anopheles  breeding  areas  which  were  located  in  proximity 
to  war  establishments.  The  cost  of  partial  control  of  mosquito  pro- 
duction in  one  of  these  areas  for  one  season  by  airplane  dusting 
(which  would  have  been  the  only  possible  method)  would  have 
greatly  exceeded  the  total  cost  of  the  dynamite  work.  On  the  other 
project  the  estimated  cost  of  drainage  by  machinery  was  $80,000.00, 
while  the  outlet  ditch  was  constructed  with  dynamite  for  approxi 
mately  $5000.00.  In  both  instances,  it  would  have  been  impossible 
to  complete  the  projects  with  machinery  before  the  end  of  the  mos- 
quito breeding  season.  If  control  by  larvicides  had  been  feasible,  the 
recurrent  cost  each  year  would  have  been  high;  while  in  contrast 
the  maintenance  cost  of  the  dynamite  ditch  is  very  low. 

Some  idea  of  the  speed  with  which  dynamite  work  can  be 
done  can  be  gained  from  the  fact  that  on  one  of  these  projects,  a 
large  outlet  ditch  approximately  two  miles  long  was  practically  fin- 
ished in  two  weeks,  draining  90%  of  a  300  acre  swamp.  The  excava- 
tion amounting  to  16,500  cubic  yards,  was  done  at  an  average  cost 
of  $0.29  per  cubic  yard. 

While  it  is  true  that  this  method  is  not  dangerous  if  handled 
carefully  by  experienced  employees,  it  is  equally  true  that  it  is  very 
dangerous  if  employed  by  inexperienced  or  careless  workers.  It  is 
recommended  that  the  fuse  method  never  be  used  for  the  detonation 
of  dynamite,  and  that  the  electrical  blasting  machine  used  to  deto- 
nate the  charges  never  be  allowed  to  lay  around  carelessly  on  the 
right-of-way.  This  machine  should  only  be  entrusted  to  the  most 
reliable,  careful  man  on  the  project  who  will  hold  it  until  the  ditch 
is  properly  loaded  and  is  ready  for  detonation.  We  believe  that 
dynamiting  is  a  very  valuable  method  for  constructing  ditches,  where 
its  use  is  indicated. 

Discussion  of  Paper  by  Nelson  H.  Rector  Entitled  "Anti-Malaria  Ditching  by 

Dynamite  by 
R.  E.  Dorer 

It  is  my  opinion  that  Mr.  Rector  has  covered  the  subject  of 
dynamite  ditching  so  completelv  and  factually  that  there  is  little  left 
for  me  to  say. 

In  all  of  the  major  points  I  concur  with  him.    There  are  a 
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few  minor  points,  however,  that  I  do  not  fully  agree  with,  and  there 
are  a  few  other  points  which  perhaps  I  can  elaborate  on. 

Mr.  Rector  recommends  that  a  test  shot  of  eight  to  ten  holes 
should  be  made  to  determine  the  size  of  the  charge  and  the  proper 
method  of  loading.  I  do  not  believe  that  this  is  sufficient  for  a  test 
shot.  My  experience  would  lead  me  to  recommend  that  at  least 
100  feet  of  ditch  be  blown  as  a  test.  A  dynamite  ditch  is  influenced 
at  the  ends  by  either  a  barricade  of  earth  or  no  resistance  at  all.  In 
order  to  get  a  true  picture  of  how  the  charge  is  going  to  work  it  is 
necessary  to  blow  enough  ditch  to  get  away  from  this  influence. 
This  is  especially  true  in  large  ditches.  It  has  been  my  experience 
that  a  dynamite  ditch  will  be  very  uniform  throughout  its  length 
in  cross  section,  all  things  being  equal,  but  that  quite  often  a  bump 
or  a  hole  will  be  left  where  one  shot  was  completed  and  another 
started. 

In  connection  with  loading  we  have  found  that  sash  cord 
stretched  on  line  and  knotted  at  the  proper  intervals  is  a  very  good 
way  to  place  the  dynamite  on  line  and  at  the  proper  spacing.  It  is 
necessary  in  order  to  produce  a  uniform  ditch  to  place  all  the  dyna- 
mite at  a  uniform  predetermined  depth. 

Sometimes  the  soil  to  be  blown  is  so  mushy  the  bore  holes  will 
close  up  before  the  dynamite  can  be  put  in  them.  In  such  cases  it  is 
necessary  to  have  a  special  bar  made.  This  consists  of  a  core  bar. 
Around  the  core  is  made  a  tube  with  a  cross  bar  at  the  top.  A  pin 
is  inserted  at  the  top  through  both  the  tube  and  the  core.  The  entire 
ensemble  is  thrust  into  the  muck  to  the  proper  depth.  The  pin  is 
removed  and  then  the  core  is  withdrawn.  The  sticks  of  dynamite 
are  then  dropped  inside  the  tube  and  the  tube  is  then  removed. 

Mr.  Rector  refers  to  the  use  of  dynamite  for  vertical  drainage. 
With  regard  to  this  it  might  be  advisable  to  find  out  if  such  a  plan 
will  work  by  a  test  boring  before  any  great  amount  of  blowing  is 
undertaken.  I  make  this  point  because  at  one  location  in  Virginia 
several  years  ,  ago  we  were  contemplating  vertical  drainage.  As  a 
test  we  sank  a  well  point  expecting  to  see  the  water  in  the  pond  run 
down  the  pipe.  It  was  confusing,  to  say  the  least,  to  note  water 
coming  up  the  pipe  instead,  and  further  work  along  this  line  had 
to  be  ruled  out. 

Dynamite  when  treated  with  due  respect  is  not  dangerous. 
This  is  the  all  important  factor  and  can  not  be  emphasized  too  much 
in  the  minds  of  the  men  working  with  it.  There  are  general  rules 
for  safety  which  always  apply.  However,  it  is  necessary  on  most 
jobs,  especially  during  war  emergency,  to  make  special  rules. 

The  first  general  rule  is,  "When  in  doubt  don't  take  a  chance." 


An  Old  Ditch  to  be  Re-Channeled  by  Dynamite 


Locating  the  Loading  Holes 


Placing  an  Electric  Cap  in  a  Stick  of  Dynamite 


The  Blast 


The  Finished  Ditch  at  the  Same  Location  as  Shown  in  Figure 
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It  is  the  unusual  that  causes  accidents.  The  dynamite  manufacturers 
recommend  a  circuit  tester  (galvanometer)  on  the  job  to  test  the 
circuit  before  firing. 

This  is  a  great  aid  in  locating  broken  wires.  Men  should  be 
sent  through  the  woods  calling  and  sentries  should  be  placed  prior 
to  each  shot.  The  man  who  fires  the  shot  should  get  an  O.  K.  from 
all  men  before  he  connects  up  and  fires.  The  dynamite  should  be 
loaded  first  and  then  the  lead  wire  strung  to  a  safe  place  for  firing. 
I  recommend  that  electric  caps  be  placed  in  the  windward  end  of  the 
loading  and  desire  500  feet  of  lead  wire.  The  electric  exploders 
should  be  placed  last.  One  man  should  be  designated  to  always 
"blow,"  and  he  should  have  the  detonator  with  him  at  all  times.  I 
recommend  the  small  pocket  size  detonator  with  the  removable  spe- 
cial handle  as  the  most  foolproof  instrument  for  firing. 

The  war  has  made  it  necessary  to  account  very  carefully  for 
every  stick.  Dynamite  brought  to  the  job  but  not  loaded  and  fired 
should  be  returned  to  the  magazine  each  night.  It  is  essential  that 
a  capable,  well  trusted  man  be  charged  with  this  responsibility. 

It  is  necessary  for  the  dynamiter  to  look  up  as  well  as  around. 
On  the  Dam  Neck  job  this  summer  our  man  loaded  an  exceptionally 
heavy  load  under  a  high  tension  line.  If  the  shot  had  been  blown 
the  chances  are  the  line  would  have  been  blown  out,  and  it  may  have 
electrocuted  someone  in  the  bargain.  I  can  speak  with  authority 
when  I  say,  "Look  up,  young  man,  look  up". 

At  a  certain  project  in  Virginia  it  was  common  practice  for 
Navy  planes  to  fly  very  low  during  maneuvers.  One  plane  flew 
very  close  when  a  shot  was  fired  and  was  observed  to  wobble  and 
wave.  Luckily  he  happened  to  be  far  enough  away  so  that  no  harm 
was  done.  This  incident,  however,  made  it  necessary  to  make  a  job 
rule.  The  Navy  was  contacted  and  informed  that  we  would  fire 
each  day  at  3:00.  Their  aviators  were  notified  and  no  further  near 
accidents  occurred. 

In  closing  I  would  like  to  suggest  that  Mr.  Rector's  paper  be 
printed  or  mimeographed  so  that  anyone  doing  dynamite  ditchino 
or  contemplating  same  will  have  it  for  ready  reference. 

DYNAMITE  DITCHING 

John  E.  Taylor  of  Little  Rock,  Arkansas 

Mr.  Rector  has  covered  the  general  points  of  dynamite  ditching 
but  I  wish  to  discuss  more  in  detail  some  of  the  difficulties  encoun- 
tered on  projects  which  have  just  been  completed  in  our  State. 

The  type  of  soil  has  a  great  deal  to  do  with  the  success  of  the 
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operations.  It  happens  quite  often  that  where  drainage  is  most 
needed,  the  soil  is  heavy  gumbo  which,  when  wet,  clings  together 
like  rubber,  and  when  thoroughly  dry,  gets  as  hard  as  rock.  On  the 
first  project  undertaken,  it  was  necessary  to  dynamite  a  long  outlet 
ditch  to  drain  a  large  swamp  of  approximately  300  acres.  At  the 
time  the  survey  was  made,  the  location  through  which  the  outlet 
ditch  was  to  be  run  was  covered  with  several  inches  of  water  and 
was  ideal  for  shooting;  but  of  course,  before  blasting  operations  could 
be  undertaken,  it  was  necessary  to  cut  the  right-of-way.  The  clear- 
ing of  this  right-of-way  required  about  two  weeks  and  by  the  time 
everything  was  in  readiness  for  dynamiting,  the  ground  had  dried 
thoroughly  and  was  so  hard  that  it  was  almost  impossible  to  push  a 
punch  bar  through  in  order  to  make  a  hole  for  loading  the  dynamite. 

In  order  to  facilitate  this  punching  operation,  we  had  a  crew 
carry  containers  of  water  and  as  the  punch  was  worked  up  and 
down,  a  small  quantity  of  water  was  added  which  made  it  easier  to 
punch  the  hole.  We  were  getting  heavy  quad,  breeding  in  the  areas 
we  were  attempting  to  drain.  Several  thousand  persons  were  work- 
ing at  the  Arsenal  within  one-half  mile.  We  could  not  wait  for 
rain  to  soften  the  ground  or  cover  it  with  water,  and  since  we  had 
planned  on  using  propagation  method,  rather  than  separate  caps  in 
each  charge,  it  was  necessary  that  the  soil  be  wet  in  order  to  get 
propagation.  After  the  dynamite  was  loaded  in  holes,  we  had  a 
crew  of  laborers  fill  each  hole  with  water.  This  was  allowed  to  seep 
into  the  ground,  wetting  the  area  around  the  dynamite  for  several 
inches.  After  this  had  soaked  in  thoroughly,  the  same  operation 
was  repeated.  After  the  ground  had  been  wet  thoroughly  three 
times,  we  were  ready  to  shoot.  The  ground  had  become  wet 
enough  that  the  dynamite  would  propagate  and  we  made  a  very 
successful  shot  without  any  break  in  the  dynamite  charge. 

It  is  very  desirable  to  shoot  as  much  ditch  as  possible  at  one 
shot  for  the  reason  it  is  necessary  to  load  rather  heavily  the  point 
where  the  ditch  and  the  loaded  section  join;  this  is  to  prevent  a  bar- 
rier being  left  in  the  ditch.  Considerable  time  is  lost  in  moving  men 
and  material  a  safe  distance  from  the  blast,  and  the  fewer  times  this 
happens  during  operations,  the  less  total  time  lost. 

At  another  time,  the  opposite  of  the  dryness  previously  encoun- 
tered, was  found  in  attempting  to  dynamite  an  outlet  for  an  old  lake. 
This  lake  had  been  silting  for  many  years  and  the  soil  was  so  unstable 
that  it  was  possible  to  shore  an  8-foot  range  pole  completely  out  of 
sight.  The  ground  on  top  was  firm  enough  to  walk  on  but 
would  not  hold  a  drag  line,  even  on  mats.  We  desired  a  ditch 
approximately  25  feet  wide  and  about  3  feet  deep.  A  test  shot  was 
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made  in  a  section  25  feet  long  where  the  dynamite  was  spaced  in 
two  rows  3  feet  each  side  of  the  center  line.  The  dynamite  was 
loaded  Yi  lb.  stick  12  inches  on  centers.  The  charge  was  then  set 
off,  but  the  result  of  this  test  was  a  general  churning  of  the  ground 
in  a  section  approximately  25  feet  wide  and  12  inches  to  14  inches 
deep. 

This  test  shot  showed  that  dynamite  was  unsuitable  for  this 
type  soil. 

Another  test  was  made,  this  time  placing  two  sticks  of  dyna- 
mite 24  inches  on  centers  down  the  center  line  of  the  ditch,  but 
about  the  same  type  of  ditch  was  obtained  as  the  first  shot. 

A  third  test  was  then  made,  this  time  one  stick  of  dynamite 
was  placed  12  inches  on  center  with  the  top  of  the  stick  level  with 
the  surface  of  the  ground.  We  were  able  to  get  a  ditch  9  feet  wide 
and  2Vi  feet  deep  from  this  charge.  Since  we  were  unable  to  get  a 
large  ditch  in  this  soil,  we  used  the  last  test  shot,  placing  the  sticks 
of  dynamite  12  inches  on  centers  and  level  with  the  top  of  the 
ground. 

A  very  successful  use  of  dynamite  was  found  in  cleaning  an 
old  drainage  p'itch  in  which  the  soil  was  principally  a  sandy  clay. 
We  desired  a  ditch  approximately  9  feet  wide  and  3  feet  deep.  The 
dynamite  was  placed  12  inches  on  centers  down  the  center  line  and 
about  16  inches  under  the  ground.  We  obtained  a  most  successful 
ditch  in  this  type  of  soil  and  the  ditch  came  out  approximately  10 
feet  wide  and  3  feet  deep. 

In  giving  consideration  to  the  economic  justification  of  the 
dynamite  project,  I  have  taken  the  cost  of  larvicidal  work  for  the 
past  season  and  find  the  average  cost  in  the  State  is  approximately 
$5.00  per  acre  treated.  This  is  broken  down  into  six  man  hours  at 
55c  and  an  average  of  22  gallons  of  Diesel  fuel  oil  at  8c.  When  you 
consider  this  operation  must  be  carried  on  approximately  twenty-four 
times  during  the  season,  you  have  a  cost  of  $120.00  per  acre  of  water 
surface  treated. 

We  found  that  by  the  use  of  dynamite,  we  could  clear  drainage 
ditches  of  considerable  amount  of  water  by  shooting  out  the  barriers 
and  high  places  that  had  accumulated  in  the  ditches.  Most  of  our 
drainage  ditches  have  a  water  surface  of  approximately  20  feet  in 
width,  which  is  approximately  an  acre  per  half  mile.  We  were  able 
to  ditch  out  many  of  these  areas  with  the  use  of  dynamite  at  a  cost 
of  9c  per  lineal  foot  or  $450.00  per  mile. 

In  justifying  the  cost  for  a  large  project,  it  was  found  that  the 
only  method  of  treatment  for  a  swamp  consisting  of  approximately 
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300  acres  was  by  airplane  dusting.  The  best  cost  we  could  figure 
out  was  $1.00  per  acre  per  application,  which  was  about  $300.00 
per  application.  This,  over  a  season  of  twenty-four  applications  was 
approximately  $7,000.  The  entire  area  was  drained  dry  and  with 
a  very  small  amount  of  work,  can  be  permanently  controlled.  The 
total  cost  of  the  project  was  $6,400.00. 

Expert  consultant  service  is  available  through  most  of  the  large 
dynamite  companies  and  I  think  this  service  should  be  utilized  to 
the  fullest  extent  as  these  consultants  are  familiar  with  the  latest 
and  most  improved  methods  of  the  use  of  dynamite  and  can  tell 
readily  whether  dynamiting  is  the  proper  method.  In  certain  in- 
stances, where  the  quantity  of  dynamite  is  sufficient  to  justify,  tech- 
nical supervision  will  be  furnished  by  the  dynamite  companies  to 
supervise  actual  shooting. 

I  much  prefer  drainage  over  larvicidal  measures  in  malaria 
control  work  where  possible,  and  have  found  that  dynamite  is  one 
of  the  quickest  and  also  the  most  economical  method  of  obtaining 
the  desired  drainage. 


"ENTOMOLOGICAL  SERVICES  IN  THE  REGULATION 
OF  THE  LARYICIDE  PROGRAM" 


By  G.  H.  Bradley 
Senior  Entomologist,  Bureau  of  Entomology  and  Plant  Quarantine 
U.  S.  Department  of  Agriculture 
(On  duty  with  17.  S.  Public  Health  Service— Malaria  Control  in  War  Areas) 

And 
H.  G.  Haxson 

Past  Assistant  Sanitary  Engineer  (R)—U.  S.  Public  Health  Service 
Federal  Security  Agency 

The  habits  of  each  of  our  malaria  carrying  mosquitoes  have 
become  rather  well  known  through  investigations  made  during  the 
past  several  years  and  therefore,  when  the  Malaria  Control  in  \\  ar 
Areas  Program  was  undertaken,  information  was  available  on  which 
to  base  selective  measures  designed  to  control  malaria  by  controlling 
only  the  important  transmitting  anophelines.  These  are,  in  the 
Eastern  United  States,  Anopheles  quadrimaculatus;  in  the  lower 
Rio  Grande  Valley,  A.  quadrimaculatus  and  A.  albimanus;  and  in 
the  Far  West,  A.  Qmaculipennis^)  freeborni.  Control  of  the  first  of 
these,  A.  quadrimaculatus,  constitutes  the  main  problem  in  the 
United  States,  and  this  discussion  is  limited  to  that  species. 

Of  the  habits  of  quadrimaculatus,  probably  none  is  more  im- 
portant in  enabling  an  economical  control  program  to  be  operated 
than  its  short  flight  range.  Because  of  this  habit,  effective  control 
of  adults  in  a  given  area  usually  can  be  obtained  by  controlling 
breeding  within  a  radius  of  approximately  one  mile  and,  under  the 
present  program,  control  work  has  been  confined  to  the  area  within 
such  limits  of  the  war  establishments  being  protected.  Experience 
during  the  past  season  has  given  added  evidence  as  to  the  sound- 
ness of  this  procedure.  In  a  few  cases  where  intense  breeding  was 
occurring  just  beyond  the  one  mile  limit,  it  was  found  advisable  to 
extend  operations,  but  in  most  instances  where  trouble  was  experi- 
enced, careful  resurveys  of  the  mile- wide  zone  located  the  source  of 
the  mosquitoes  either  in  new  breeding  areas  or  in  regularly  treated 
areas  where  the  larviciding  work  was  ineffective. 

It  is  well  known  that  quadrimaculatus  adults  seek  shelter  dur- 
ing the  day  in  secluded  situations  which  are  dark  and  out  of 
draughts.  By  periodically  counting  the  number  of  resting  adults  in 
such  places  as  stables,  privies,  tree  hollows,  underneath  houses  and 
the  like,  an  index  to  fluctuations  in  adult  abundance  in  any  area 
can  be  obtained  by  which  the  effectiveness  of  control  work  can  be 
gauged.  To  obtain  such  an  index  a  series  of  adult  collection  sta- 
tions was  established  in  each  control  area  and  the  number  of  ano- 
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phelines  in  each  station  counted  each  week.  These  stations  were 
classified  in  each  area  as  to  location.  Those  within  the  protected 
w  ar  establishment  or  within  lA  mile  thereof  were  designated  "A" 
stations,  those  lA  to  Vi  mile,  Vi  to  34  mile,  34  to  1  mile  and  those  over 
1  mile  away  were  designated  B,  C,  D,  and  E  stations,  respectively. 
Although  we  were  chiefly  concerned  with  maintaining  low  mos- 
quito populations  within  the  war  establishments,  information  on 
densities  at  distances  from  the  protected  zone  was  desirable  as  a 
study  of  these  densities  gave  assistance  in  locating  sources  of  mos- 
quitoes. 

It  is  known  that  all  bodies,  of  waters  are  not  suitable  for 
quadnmaculatus  breeding,  as  this  mosquito  is  essentially  a  "pond 
breeder",  being  found  chiefly  in  rather  quiet  waters  which  range 
from  neutral  to  alkaline  in  reaction.  However,  no  attempt  was 
made  to  classify  the  waters  of  the  control  areas  by  environmental 
criteria.  Classification  was  made  on  the  basis  of  whether  or  not  the 
waters  actually  were  breeding  quadrimaculatus  as  determined  by 
identifying  larvae  collected  from  each  location.  It  was  the  intention 
when  planning  the  larvicide  program  to  limit  control  measures  to 
those  places  which  actually  were  breeding  qnadrimacidatiis.  Al- 
though this  policy  was  not  strictly  adhered  to  because  of  the  scarcity 
of  trained  personnel,  the  work  was  limited  to  Anopheles  breeding 
places. 

The  entomological  work  was  organized  under  the  direction  of 
the  Medical  Officer  in  Charge,  with  a  chief  entomologist  respon- 
sible for  setting  up  the  procedures  to  be  followed  in  the  various 
states,  for  selecting  and  training  the  professional  personnel,  and  for 
the  general  over-all  supervision  of  the  Entomological  program.  In 
this  work,  the  chief  entomologist  was  assisted  by  regional  entomolo- 
gists who  periodically  visited  the  various  projects  in  the  states  in 
their  assigned  regions  where  they  aided  in  the  organization  of  the 
program  and  gave  advice  and  assistance  in  working  out  unusual 
problems. 

The  work  in  each  state  was  supervised  by  a  state  entomologist 
who  was  directly  responsible  to  the  State  MCWA  Director  for  the 
adequate  organization  and  functioning  of  the  entomological  service 
in  his  state.  His  duties  included  the  training  and  supervision  of 
area  inspectors;  the  inspection  of  areas  to  see  that  collecting  stations 
were  sufficient  and  of  suitable  type;  the  identification  of  anophe- 
lines;  the  proper  preparation  and  transmittal  of  summarized  reports 
to  the  Headquarters  office;  and  most  important  of  all,  the  explan- 
ation and  interpretation  of  entomological  data  to  the  control  super- 
visor. 
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The  routine  survey  and  inspection  work  in  each  area  was  done 
by  the  inspectors,  one  or  more  being  assigned  to  each  area.  His 
initial  duties  were: 

(1)  To  make  surveys  of  the  area  to  find  all  probable  ano- 
pheline  breeding  places,  and  locate  these  on  sketch  maps,  giving 
each  breeding  place  an  individual  number  or  other  designation. 

(2)  To  locate  and  designate  suitable  adult  resting  places 
or  to  establish  artificial  resting  places  if  necessary  for  use  in  obtain- 
ing an  adult  density  index. 

(3)  To  arrange  for  the  operation  of  one  or  more  light  traps 
for  the  purpose  of  obtaining  adult  density  records  for  comparison 
with  those  obtained  from  natural  resting  places. 

After  the  above  set-up  was  established,  the  inspector  was 
charged  with  making  inspections  of  his  area,  planning  his  routine 
so  that  the  whole  area  could  be  covered  once  each  week.  At  each 
larval  station,  he  determined  and  recorded  on  his  report  form 
whether  or  not  there  was  anopheline  breeding  present,  and  if  so, 
the  extent  of  such  breeding,  and  the  size  and  abundance  of  the 
larvae  found.  Samples  of  the  larvae  found  were  collected  period- 
icallv  for  identification. 

The  adult  index  stations  also  were  inspected  once  each  week, 
the  mosquitoes  either  being  collected,  taken  to  the  laboratory, 
identified  and  counted  there,  or  merely  counted  in  place,  if  the 
inspector  was  sufficiently  trained  to  determine  the  species. 

The  reports  of  the  inspector  were  presented  to  the  area  engi- 
neer each  day.  The  larval  reports  showed  the  efficiency  of  the 
larvicide  work;  the  need  for  initiating  work  in  regularly  observed 
places  where  work  had  not  previously  been  necessary;  and  also 
showed  those  places'  where,  due  to  a  continued  lack  of  breeding, 
no  larviciding  was  necessary. 

The  reports  on  adult  abundance  kept  the  engineer  informed 
on  the  trend  of  the  adult  quadrimaculatus  population  in  his  area 
and  it  was  his  duty  to  give  immediate  attention  when  increases 
occurred,  as  adult  mosquito  densities  inside  or  adjacent  to  the  war 
establishments  were  the  criteria  by  which  the  effectiveness  of  the 
whole  larvicidal  control  program  was  judged. 

The  inspector's  duties  were  not  only  to  report  accurately  on 
his  regular  station  observations  each  week  but  to  become  so  familiar 
with  his  whole  area  that  when  any  increases  in  adult  quadrimacu- 
latus abundance  occurred  he  could  quickly  discover  the  source. 
All  of  the  inspectors  were  not  of  a  research  type,  of  course,  but  in 
baffling  cases  they  could  always  call  on  the  state  or  regional  ento- 
mologist for  assistance  with  their  problems. 
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In  figure  1  is  shown  a  copy  of  the  report  form  usqd  by  the 
inspector  in  reporting  his  examinations  of  Anopheles  breeding 
places.  The  numbers  in  the  left  column  are  those  which  designate 
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the  individual  breeding  places.  The  letters  following  the  station 
number  indicate  the  distance  of  the  station  from  the  protected  area 
as  follows:  A,  within  lA  mile;  B,  V4-V2  mile;  C,  Vi3A  mile;  D,  34  to  1 
mile;  E,  over  1  mile.  The  second  column  is  used  for  any  specific 
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information  about  a  station  showing  a  condition  other  than  normal, 
such  as  "dry",  "flooded",  etc.  Station  descriptions  are  omitted  on 
each  report  as  a  list  of  these  is  kept  on  file  for  reference.  The  third 
column  shows  the  last  date  when  larvicide  was  applied  in  each 
place.  As  the  inspections  were  made  2  to  3  days  after  treatment, 
small  larvae  usually  could  be  found  at  each  active  breeding  place. 
If  large  larvae  or  pupae  were  found,  the  larvicide  work  was  not  al- 
together effective.  The  results  of  the  larval  collections  were 
recorded  in  the  remaining  columns  of  the  form.  It  was  the  inspec- 
tor's duty  to  cover  adequately  the  area  being  examined,  multiples 
of  ten  dips  were  used  in  order  to  allow  uniform  summarization  or 
records. 

In  the  particular  report  illustrated,  the  record  on  the  first  line 
shows  that  Station  1  is  within  a  quarter-mile  of  the  protected  area, 
that  anopheline  larvae  in  numbers  were  found,  some  of  which  were 
large,  and  that  pupae  also  were  present.  As  it  is  shown  that  a  larvi- 
cide treatment  was  made  three  davs  previous  to  the  inspection,  such 
work  was  ineffective.  A  retreatment  of  this  place  should,  therefore, 
be  made  immediatelv.  Since  Stations  2,  7b,  and  9  show  no  ano- 
pheline breeding,  and  the  inspection  was  made  sufficiently  long 
after  larviciding  to  show  small  larvae  if  the  locations  were  actively 
breeding,  these  need  not  be  placed  on  the  larviciding  schedule 
until  subsequent  inspections  indicate  breeding.  At  Stations  3,  4, 
and  10.  anopheline  larvae  were  found  but  since  none  was  large, 
successful  larvicide  work  is  indicated  and  continued  control  work  is 
necessarv.  The  record  for  Station  6  shows  that  for  some  reason 
this  location  was  not  treated  on  schedule  and  that  it  was  actively 
breeding  Anopheles.  This  might  be  due  to  an  erroneous  report 
made  bv  the  inspector  the  preceding  week  or  to  neglect  by  the 
larvicide  crew.  An  inspection  of  the  preceding  week's  reports 
would  decide  which  was  at  fault.  Station  11,  being  outside  of  the 
control  area,  is  observed  only  as  a  general  check  on  breeding  con- 
ditions in  the  adjacent  uncontrolled  area. 

Bv  following  these  reports,  a  considerable  saving  can  be  made 
in  both  larvicides  and  expense  of  application.  Of  greater  import- 
ance, however,  is  that  bv  this  periodic  inspection,  any  important 
oversights  or  inefficiencies  in  the  control  work  can  be  corrected 
before  the  situation  gets  out  of  hand. 

Adult  densities  in  the  area  were  reported  by  the  inspector  on 
the  form  illustrated  by  figure  2.  As  in  the  larval  report,  each  obser- 
vation station  is  numbered  and  the  number  is  shown  in  the  first 
column,  together  'uith  a  letter  to  designate  its  position  in  relation 
to  the  protected  war  activity  as  previously  described. 
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The  letters  in  the  second  column  refer  to  the  type  of  the  sta- 
tion: "NRP"  indicates  that  the  station  is  a  natural  resting  place. 
Barns,  stables,  privies,  underneath  bridges,  under  houses,  etc.,  were 
the  types  most  frequently  used.  When  a  good  natural  resting  loca- 
tion could  not  be  found,  boxes  or  kegs,  suitably  located,  were  used 
for  this  purpose  and  were  designated  as  "ARP",  or  artificial  resting 
places.    Light  trap  collections  were  designated  as  "L T  . 
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trated,  the  engineer  should  interpret  it  to  mean  that  adequate  con- 
trol is  being  maintained.  The  adult  stations  within  a  quarter-mile 
of  the  protected  area  (stations  1,  2,  4,  6)  have  very  few  adults, 
while  the  increasing  densities  in  stations  at  distances  (B,  C,  D,  E) 
from  the  protected  zone  indicate  what  conditions  might  be  if  no 
control  program  was  in  operation.  When  high  quadrimacalatiis 
counts  occur  in  "A"  stations,  the  larval  report  should  show  whether 
it  is  due  to  inefficient  larvicide  work  or  to  undiscovered  breeding 
places. 

After  clearing  the  Area  Engineer's  office,  copies  of  the  inspec- 
tor's daily  report  forms,  together  with  any  collections  of  larvae  and 
adults  needing  identification,  were  sent  to  the  State  MCWA  head- 
quarters. Here  the  state  entomologist  identified  the  specimens, 
noted  the  determinations  and  prepared  summaries  on  special  forms, 
one  copy  of  which  was  returned  to  the  area  office,  while  others 
were  transmitted  to  the  District  Office  of  the  Public  Health  Serv- 
ice, and  to  the  MCWA  Headquarters  Office  in  Atlanta. 

A  special  form  with  separate  columns  for  each  common 
mosquito  species  was  used  for  reporting  light  trap  collections.  Be- 
cause of  the  large  amount  of  routine  work  involved  this  summary 
was  not  submitted  -regularly.  As  was  shown  on  the  adult  field  rec- 
ord form,  however,  the  anophelines  from  two  light  trap  catches 
were  reported  each  week  on  the  field  record  forms  in  the  same  man- 
ner as  the  resting  station  collections.  Complete  identification  and 
recording  of  mosquitoes  other  than  anophelines  was  postponed 
until  the  winter  months. 

These  record  forms  are  an  outgrowth  of  conferences  on  pro- 
cedures attended  by  officials  of  the  4th  Service  Command,  U.  S.  A., 
the  Bureau  of  Entomology  and  Plant  Quarantine,  the  U.S.  Public 
Health  Service,  and  the  Georgia  State  Board  of  Health.  They  are 
based  on  forms  used  by  established  control  and  research  organiza- 
tions which  were  studied  before  decisions  were  made  as  to  the  type 
best  suited  for  the  work  being  undertaken.  As  finally  prepared,  the 
forms  were  adopted  by  both  the  4th  Service  Command,  U.  S.  A., 
and  the  Public  Health  Service  in  order  to  have  uniformity  in  oper- 
ating methods,  schedules,  and  records,  the  object  being  to  have  one 
coordinated  program  in  each  specific  war  area. 

Upon  being  received  in  the  Headquarters  Office,  the  reports 
are  studied  and  further  summarized  and  the  pertinent  data  made 
available  to  the  several  regional  and  district  engineers  and  ento- 
mologists. A  summary  form  which  was  devised  to  keep  the  various 
offices  informed  on  the  conditions  in  each  area,  is  that  illustrated  in 
figure  3.  This  selective  summary  shows  at  a  glance  the  trends  of 
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quadrimaculatus  abundance  in  the  observation  stations  within  or 
adjacent  to  a  protected  war  activity.  By  the  use  of  this  form,  sudden 
rises  or  continued  high  densities  in  any  area  are  immediately  ap- 
parent and  investigations  by  supervisors  can  be  quickly  arranged. 

These  entomological  procedures,  established  for  the  purpose 
of  guiding  the  control  work,  have  been  of  great  value  in  increasing 
the  efficiency  of  the  Malaria  Control  in  War  Areas  Program.  The 
system  has  not  worked  perfectly  in  all  cases.  As  the  season  prog- 
ressed, however,  their  value  became  increasingly  evident  to  those 
charged  with  prosecuting  the  control  work  and  it  is  believed  that 
there  is  little  question  but  that  the  inspection  work  has  been  fully 
justified. 


"ENTOMOLOGICAL  SERVICES  IN  THE  REGULATION 
OF  THE  LARVICIDE  PROGRAM" 

H.  L.  Fellton 

Past  Assistant  Sanitary  Engineer  (R)—U.  S.  Public  Health  Service 
Federal  Security  Agency 

The  paper  just  read  is  an  excellent  review  of  a  difficult 
achievement:  the  institution  of  standard  entomological  procedures 
for  guiding  a  control  program  around  the  hundreds  of  war  areas 
scattered  throughout  the  malarious  sections  of  the  United  States. 

It  occurs  to  me,  using  a  term  suited  to  our  war  time  activity, 
the  entomologists  form  sort  of  an  "intelligence  unit"  for  the  Malaria 
Control  in  War  Areas  Program.  Theirs  is  the  task  of  continuously 
gathering  data  on  the  prevalence  of  adult  Anopheles  quadrhnacu- 
latus  in  and  around  the  control  areas,  and  of  presenting  such  to  the 
engineers  so  that  the  control  measures  put  into  operation  can  be 
gauged  by  the  current  need  for  them. 

The  entomological  records  also  serve  as  a  yardstick  by  which 
to  determine  the  efficiency  of  larvicidal  work.  Because  of  this,  a 
few  area  supervisors  consider  the  entomologists  as  being  "Gestapo" 
agents  assigned  to  their  areas  for  sinister  purposes.  The  surest  sign 
that  a  malaria  control  supervisor  has  "come  of  age"  is  when  he 
ceases  to  regard  the  entomologist  with  suspicion  or  as  a  useless 
member  of  his  staff,  and  comes  to  consider  him  an  ally  and  an  ex- 
tremely valuable  one  at  that. 

On  the  other  hand,  on  this  program  it  is  important  that  the  en- 
tomologist overcomes  what  in  many  cases  appears  to  be  almost  a  nat- 
ural instinct  for  research  and  recognize  the  fact  that  he  is  a  part 
of  a  practical  control  organization  which  demands  the  collection  of 
data  of  immediate  value  to  the  problem  in  hand  and  the  investiga- 
tion of  extraneous  details,  no  matter  how  interesting,  is  of  strictly 
secondary  importance. 

The  system  of  classifying  each  adult  collecting  station  by  a 
letter  indicating  its  distance  from  the  protected  war  establishment 
is  an  innovation  which  is  of  particular  value  since  the  importance 
of  high  densities  of  qiiadrimaciilatiis  depends  on  where  they  are 
found.  A  report  of  high  qiiadrimaciilatiis  abundance  in  "A"  sta- 
tions is  immediately  recognized  by  all  concerned  as  of  much  greater 
importance  and  as  requiring  quicker  action  than  is  a  report  of  as 
high  or  higher  abundance  in  "C"  or  "D"  stations.  Were  stations 
reported  simply  as  "Station  6"  or  "Station  5",  reference  would  have 
to  be  made  to  a  map  or  a  list  of  station  locations  in  the  area  involved 
before  the  report  could  be  properly  evaluated. 
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The  interpretation  of  adult  quadrimaculatus  abundance,  as 
indicated  by  resting  station  counts,  is  one  deserving  of  more  discus- 
sion than  is  possible  here.  High  quadrimaculatus  densities  and 
high  malaria  incidence  are  not  always  directly  correlated  in  various 
sections  of  the  country.  A  moderate  quadrimaculatus  density  in  a 
malarious  area  must  be  considered  as  a  greater  hazard  than  a  much 
higher  density  in  an  area  where  malaria  has  not  been  endemic. 
However,  the  movement  of  troops  and  industrial  workers  from  one 
section  to  another,  and  to  and  from  tropical  areas,  is  introducing 
non-immunes  into  areas  where  malaria  is  endemic  and  infected 
individuals  into  non-malarious  areas  where  effective  vectors  are 
abundant.  This  greatly  complicates  the  war  time  problem. 

The  degree  to  which  quadrimaculatus  populations  must  be 
reduced  before  danger  of  transmission  is  eliminated,  therefore, 
cannot  be  definitely  stated.  It  mav  vary  in  each  area  and  a  variety 
of  factors  must  be  considered  before  limits  are  set.  The  trend  of 
the  adult  anopheline  population  in  an  area,  however,  is  the  only 
criterion  for  use  in  judging  the  effectiveness  of  the  control  work. 


PROGRESS  IN  THE  APPLICATION  OF  LABORATORY 
METHODS  IN  THE  ARMY'S  MALARIA  CON- 
TROL PROGRAM* 
by 

Dwight  M.  Kuhns,  Lieutenant  Colonel,  Medical  Corps,  U.  S.  Army 
Mary  Ray,  Junior  Bacteriologist  and  Parasitologist,  and 

Wlllakd  V.  King,  Lieutenant  Colonel,  Sanitary  Corps,  17.  S.  Army,  Fourth 
Service  Command  Laboratory,  Fort  McPherson,  Georgia. 

INTRODUCTION 

Malaria  stands  foremost  as  a  disease  to  affect  the  outcome  of 
the  war.  Since  the  Fourth  Service  Command  was  made  up  of  eight 
of  the  most  malarious  states  of  the  Southeast l,  the  control  of  malaria 
was  given  an  important  place  in  planning  the  preventive  medicine 
laboratory  program  of  this  Sendee  Command. 

The  basic  principles  involved  in  the  control  of  malaria  in  the 
Army  are  in  many  respects  similar  to  those  in  civilian  life.  A  plan 
for  control  would  include  the  following  factors : 

1.  Diagnosis,  isolation,  and  treatment  of  infected  cases. 

2.  Control  of  mosquito  breeding. 

3.  Chemical  prophylaxis  where  exposure  to  infected  mosqui- 
toes is  unavoidable. 

4.  Individual  protection  against  mosquito  bites. 

Following  the  recommendations  of  The  Office  of  The  Surgeon 
General2,  a  laboratory  control  program  was  initiated  and  placed  in 
operation.  Because  of  the  importance  of  the  diagnosis  of  malaria 
in  a  control  program  and  the  essential  role  of  the  laboratory  in  es- 
tablishing proper  diagnoses,  it  was  necessary  to  improve  and  adopt 
as  early  as  possible  standard  laboratory  techniques  for  this  work. 

The  next  step  of  the  program  was  the  training  of  technicians 
from  station  hospital  laboratories  in  the  preparation,  staining,  and 
diagnosis  of  thick  and  thin  blood  films.  A  system  was  then  developed 
for  checking  the  hospital  diagnosis  at  the  central  laboratory. 

PREPARATION  OF  GIEMSA  STAIN  FOR  DISTRIBUTION 

Considerable  difficulty  was  experienced  in  obtaining  uniform 
results  with  some  of  the  lots  of  American  Giemsa  stain.  The  present 
procedure  of  the  Division  of  Malariology  is  to  prepare  the  stock 
solution  for  distribution  to  all  station  hospitals  as  needed.  Certified 
lots  of  dry  Giemsa  stain  are  obtained  and  the  staining  qualities  of 
the  stock  solution  are  tested  before  distribution  by  staining  fresh 
thick  blood  films.  After  testing,  each  bottle  that  is  sent  out  is  labeled 


*  Presented  at  the  meeting  of  the  National  Malaria  Society  in  conjunction  with 
the  Southern  Medical  Association,  November  10,  1942. 
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with  specific  directions  as  to  the  proper  dilution  and  use  of  the  stain. 
This  has  aided  immeasurably  in  standardizing  the  staining  technique 
throughout  the  Service  Command.  The  labels  contain  the  following 
directions: 

Use  one  part  of  stain  to  50  parts  of  buffered  distilled  water 
(pH  7.0).  Place  smears  in  staining  solution  for  45  minutes.  Before 
removing,  flush  off  top  of  stain  with  water,  then  remove  slides,  rinse 
and  refill  container,  using  buffered  water  throughout.  Replace  slides 
and  rinse  the  thin  smears  for  only  a  few  seconds.  Pour  off  water 
until  it  just  covers  the  thick  smears,  and  continue  the  rinsing  for 
3  or  4  minutes.  Remove  and  allow  to  dry  by  air.  Use  only  chem- 
ically clean  glassware. 

TRAINING  OF  ENLISTED  TECHNICIANS  IN 
THICK-FILM  TECHNIQUE 

An  early  move  to  accomplish  our  objective  in  establishing  and 
improving  proficiency  in  the  laboratory  diagnosis  of  malaria  in  the 
station  hospitals,  was  the  training  of  enlisted  technicians  from  the 
various  hospitals.  Upon  the  recommendation  of  Dr.  L.  L.  Williams, 
Jr.,  the  assistance  of  Miss  Aimee  Wilcox,  Assistant  Technologist, 
United  States  Public  Health  Service,  was  secured.  Under  her 
supervision  a  two-weeks  course  of  instruction  and  training  was  be- 
gun in  May,  1941.  Three  classes  were  held,  and  twenty-four  men 
in  all  received  the  training. 

Additional  courses  were  arranged  during  the  spring  of  1942, 
again  under  the  supervision  of  Miss  Wilcox.  Three  classes  of  two 
weeks  duration  each  were  held  and  a  total  of  forty-eight  students 
completed  the  course.  Forty-two  of  these  were  enlisted  men  from 
various  station  hospitals  and  six  were  civilian  trainees  from  the 
Fourth  Service  Command  Laboratory. 

In  addition  to  these  students,  five  enlisted  men  from  station 
hospitals  and  four  civilian  trainees  have  been  given  special  training 
in  the  thick-film  technique  at  intervals  during  the  year. 

During  these  courses,  the  trainees  were  given  detailed  instruc- 
tions on  making  and  staining  thick  and  thin  blood  smears,  and  how 
to  recognize  the  stages  and  species  of  the  parasites  on  both  types 
of  films.  Instruction  was  given  by  means  of  lectures,  lantern  slides, 
study  of  a  carefully  selected  set  of  known  and  unknown  slides,  and 
practical  exercises  in  the  preparation  and  staining  of  thick  and  thin 
blood  films.  At  the  end  of  the  course,  a  certificate  for  each  student 
was  sent  to  his  laboratory  officer  stating  that  he  had  completed  a 
course  in  thick-film  technique  and  giving  his  approximate  grade. 

Before  returning  to  their  stations,  the  trainees  were  instructed 
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to  submit  to  the  Service  Command  Laboratory  two  thick  and  two 
thin  smears,  one  of  each  stained  and  one  unstained,  on  each  sus- 
pected and  positive  case  of  malaria  found  at  the  station  hospitals. 
These  smears  were  to  be  accompanied  by  a  form  giving  certain 
epidemiologic  and  statistical  information.  A  set  of  instructions  on 
the  method  of  preparation  and  staining  of  thick  blood-films,  likewise, 
was  sent  to  all  station  hospitals  in  the  Service  Command. 

About  the  middle  of  June,  1941,  the  first  slides  were  received 
for  confirmation  from  members  of  the  first  training  school.  On  July 
1,  1941,  a  circular  letter  was  sent  out  from  the  Corps  Area  Surgeon's 
Office  instructing  the  station  hospitals  to  submit  smears  for  confir- 
mation or  diagnosis  on  all  positive  and  suspected  cases  of  malaria. 

CONFIRMATION  OF  MALARIA  DIAGNOSIS 

Upon  receipt  of  the  slides  for  confirmation  or  diagnosis,  the 
stained  smear  is  examined  and  when  this  is  found  to  be  unsatisfac- 
tory, the  second  smear  is  stained.  As  a  further  means  of  instruc- 
tion, suggestions  are  sent  to  the  originating  laboratory  regarding  any 
defects  noted  in  the  stained  smear.  The  statistical  form  referred  to 
above  (Fourth  Corps  Area  Laboratory  Form  No.  1)  is  submitted 
in  duplicate  with  each  smear.  The  two  sides  of  this  form,  as  revised 
in  1942,  or  shown  in  Figure  1.  On  the  reverse  side  the  results  of 
the  examination  made  at  the  Service  Command  Laboratory  are 
noted.  Special  reference  is  made  as  to  agreement  in  the  identifica- 
tion of  the  stages  of  parasites  found,  and  the  degree  of  infection. 
One  card  is  filed  at  the  Fourth  Service  Command  Laboratory  and 
one  is  returned  to  the  station  hospital.  When  a  smear  has  been 
diagnosed  as  benign  tertain  by  the  station  hospital  laboratory  and 
is  found  to  be  estivo-autumnal,  a  radiogram  is  sent  noting  the  dis- 
crepancy, since  estivo-autumnal  is  considered  more  dangerous  than 
the  other  species.  A  radiogram  is  sent  also  when  a  smear  is  diagnosed 
as  negative  or  doubtful  and  is  found  to  be  positive. 

The  information  gathered  from  the  card  forms  is  tabulated  at 
the  end  of  each  month  to  form  a  malarial  epidemiological  report  for 
the  Chief  of  the  Medical  Branch,  Fourth  Service  Command,  and 
The  Surgeon  General.  During  1941  a  check  was  made  to  correlate 
the  number  of  clinical  cases  reported  in  the  Army  statistical  report 
with  the  number  of  slides  received  from  the  station  hospitals.  This 
was  done  to  determine  the  degree  to  which  the  station  hospitals 
were  utilizing  the  services  of  the  Service  Command  Laboratory  and 
cooperating  with  its  plan.  The  above  is  mentioned  to  emphasize 
the  steps  taken  to  confirm,  by  laboratory  methods,  the  diagnosis  of 
all  suspected  cases  of  malaria  in  the  Army  in  order  that  they  might 


34 


National  Malaria  Society  Journal 


be  isolated  and  treated,  and  thus  control  the  source  of  infection  to 
others. 

MALARIA  RECORDS  FOR  1941  AND  1942 

A  total  of  892  positive  blood  smears  were  received  at  the  Lab- 
oratory between  June  17,  1941  and  September  30,  1942.  The  dis- 
tribution of  these  by  states  is  shown  in  Table  I  and  by  months  in 
Table  II.  From  these  tables  it  may  be  noted  that  more  than  half 
of  the  cases  during  1941  occurred  in  September  and  October  and 
that  about  43  percent  of  these  were  estivo-autumnal  infections.  A 
large  proportion  of  these  cases  were  contracted  during  Army 
maneuvers  held  in  a  highly  endemic  area  in  Louisiana,  many  of 
which  were  first  reported  upon  their  return  to  stations  in  other 
states.  Louisiana  was  transferred  from  the  Fourth  Service  Command 
in  May,  1942,  and  this  should  be  kept  in  mind  in  comparing  the 
records  for  the  two  years. 

A  tabulation  of  the  confirmation  made  at  the  Fourth  Service 
Command  Laboratory  in  shown  in  Table  III. 

MALARIA  SURVEYS 

Even  though  the  malaria  rate  has  been  comparatively  low  or 
generally  on  the  decline  in  the  civilian  population  of  the  South- 
eastern states  since  1936,  and  the  military  personnel  may  have  a 
tendency  to  assume  the  rate  of  the  group  by  which  they  are  sur- 
rounded, it  is  conceivable  that  an  outbreak  of  malaria  might  occur 
in  troops  concentrated  in  some  of  our  camps  if  preventive  measures 
were  not  taken.  In  order  to  determine  the  presence  of  subclinical 
cases  of  malaria  and  carriers,  sampling  surveys  of  various  groups 
of  men  were  undertaken.  In  1941  these  included:  (1)  routine 
admissions  to  the  station  hospital  at  Camp  Claiborne,  Louisiana; 
(2)  inductees  at  Fort  McPherson,  Georgia,  from  Georgia  counties 
having  an  average  annual  malaria  death  rate  of  25  or  more  per 
100,000  during  the  ten-year  period  1930-1939;  (3)  inductees  at 
Fort  McPherson  giving  a  previous  malaria  history;  and  (4)  hospital 
admissions  and  other  troops  in  the  Louisiana  maneuver  area.  Only 
12  infections,  about  0.6%  were  found  in  2,002  examinations,  most 
of  which  were  from  the  Louisiana  maneuver  area.  During  the  Fall 
of  1942  a  survey  was  started  of  inductees  at  Fort  McPherson  from 
counties  having  an  average  death  rate  of  10  per  100,000.  Up  to  the 
time  of  the  preparation  of  the  present  paper,  no  infections  had  been 
found  in  472  slides.  A  summary  of  the  surveys  is  given  in  Table  IV. 
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CONCLUSIONS 

A  correct  diagnosis  of  malaria  is  one  of  the  first  steps  in  malaria 
control  and  the  chief  role  of  a  laboratory  in  a  control  program.  In 
order  to  integrate  itself  with  the  program  of  the  Office  of  The  Sur- 
geon General  for  the  control  of  malaria,  the  Fourth  Service  Com- 
mand Laboratory  has  initiated  and  placed  in  operation  a  plan  for 
laboratory  control  of  the  diagnosis  of  malaria.  This  plan  includes 
the  organized  instruction  and  training  of  enlisted  technicians  from 
station  hospital  laboratories  in  the  Fourth  Service  Command,  and 
adoption  of  a  standardized  staining  procedure,  using  stains  from 
domestic  sources.  Finally,  the  system  incorporates  a  checlc-up  and 
confirmation  of  malaria  diagnoses  by  a  central  laboratory  with  com- 
petent personnel.  The  operation  of  this  plan,  in  its  entirety,  is 
proving  very  effective. 
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FIGURE  I. 

MALARIA  THICK  BLOOD  FILM  EXAMINATION  FORM 

Station  Hospital:  .  

Name  of  Patient:   Serial  Number:  

Grade:    Organization:    Station:   

Race:    Sex    Age:    Date  Enlisted    State   

Where  Exposed.— Post  or  Vicinity:    Maneuvers:    Other:   

New  Case:  Recurrence:  Date  of  Previous  Attack:  Treatment:  

Type.— Tertian :        Estivo- Autumnal :        Quartan:        Undetermined:   Negative:  

Stage  of  Parasites.— Trophozites:   Schizonts:   Gametocytes:  

Number  of  Parasites  Found.— Many:  Few:  Rare:  

Spleen  Enlarged:   Hemoglobin:   R.B.C.  Count:  

Date  Smear  Taken:  Date  Stained:  Date  Smear  Examined:  

Examined  by:   Remarks:  


C.  A.    Lab.  Form  No.  1  revised  Signature  of  Laboratory  Officer 

DIRECTIONS 

1.  Fill  out  this  form  completely  in  duplicate  and  mail  with  one  stained  and  one  un- 
stained thick  and  thin  film  packed  in  cotton  in  mailing  case  No.  41260  to  the 
Fourth  Corps  Area  Laboratory. 

2.  Mail  within  twenty-four  hours  after  collection  of  slides. 

3.  Send  slides  and  completed  forms  in  same  container  on  all  positive  and  suspected 

cases  of  malaria. 

4.  Use  new  slides  for  malaria  thick  film  diagnosis  whenever  possible. 
To  be  filled  in  by  the  Fourth  Corps  Area  Laboratory 

Lab.    No  Confirmed  


Checked  by: 


Development  of  Entomological  Service 


37 


TABLE  I 

DISTRIBUTION  OF  MALARIA  CASES  CONFIRMED  BY 
THE  FOURTH  SERVICE  COMMAND  LABORATORY 
ACCORDING  TO  STATES 


June,  1941  to  September  30,  1942 


STATE 

1941 

1942 

Tertian 

E.A. 

Total 

Tertian 

E.A. 

Total 

Tennessee 

22 

14 

36 

28 

3 

31 

North  Carolina 

24 

23 

46 

51 

3 

54 

South  Carolina 

36 

16 

52 

32 

20 

52 

Georgia 

43 

23 

67» 

95 

16 

111 

Alabama 

27 

4 

31 

22 

8 

30 

Florida 

21 

3 

24 

32 

12 

44 

Mississippi 

53 

26 

79 

56 

4 

60 

Louisiana 

80 

74 

154 

21 

00 

21* 

TOTAL 

306 

182 

489* 

337 

66 

403 

'Includes  one  case  undetermined  as  to  species  of  parasites. 
"Louisiana  was  transferred  from  the  Fourth  Sendee  Command  in  May,  1942. 

TABLE  II 

SUMMARY  OF  BLOOD  SMEARS  POSITIVE  FOR  MALARIA 
FOURTH  SERVICE  COMMAND  LABORATORY 

1941 


JAN. 

MARCH 

MAY 

JULY 

SEPT. 

NOV. 

TOTAL 

FEB. 

APRIL 

JUNE 

AUG. 

OCT. 

DEC. 

TERTIAN 

8 

76 

151 

71 

306 

E.A. 

3 

18 

117 

44 

182 

Unidentified 

1 

1 

TOTAL 

11 

94 

269 

115 

489 

1942 

TERTIAN 

12 

45 

109 

127 

44 

337 

E.A. 

1 

5 

34 

26 

66 

TOTAL 

13 

45 

114 

161 

70 

403 

TABLE  III 

CONFIRMATION  OF  MALARIA  THICK  BLOOD  FILMS 
BY  THE  FOURTH  SERVICE  COMMAND  LABORATORY 


1941  1942 

Positive  Diagnosis  Confirmed  as  to  Type    440  377 

Negatives  Confirmed  as  Negative    115  130 

Reported  Negative,  Found  Positive   2  6 

Reported  Positive,  Found  Negative    27  22 

Errors  In  Identification  of  Species   47  23 

Total  Slides    631  558 

PERCENTAGE  OF  ERRORS: 

In  Diagnosis  of  Infection   4.6  5.1 

In  Identification  of  Species   —  7.4  4.1 

1942  figures  include  repeat  examinations  on  four  cases. 
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TABLE  IV 


MALARIA  SURVEYS  IN  ARMY  TROOPS  -  1941  and  1942 


1941 


SOURCE  OF  BLOOD  SMEARS  Period  No.  Slides    No.  Positive 

Routine  admissions  to  Station  Hos- 
pital, Camp  Claiborne,  La.  June  20-26  110  0 

Inductees  from  Georgia  counties 
having  malaria  death  rates  of  more 
than  25  per  100,000  for  the  years 

1930-1939.  July  110  0 

Routine  admissions  to  Station  Hos- 
pital, at  Camp  Stewart,  Georgia    Aug.  &  Sept.  122  2 

Inductees  at  Fort  McPherson,  Ga., 
giving  history   of  malaria  during 

previous  ten  years.  September  227  1 

Hospital  admissions  and  normal 
troops  in  Louisiana  maneuver  area: 
Camp  Claiborne  Hospital 

Admissions  September  196  1 

Others   September  85  0 


Camp  Livingston  Hospital 

Admissions  September  &  October             981  8 

Others   September  &  October              100  0 

Camp  Polk  Hospital 

Admissions  September                             71  0 

TOTAL  _2002  ~12 


1942 

Inductees  from  Georgia  counties 
having  malaria  death  rates  of  more 
than  10  per  100,000  for  the  years 

1930-1939.  Sept.  21-Oct.  10  472  0 

TOTAL   472  ~~ 0 


DEVELOPMENT  OF  ENTOMOLOGICAL  SERVICE  OF 
THE  FOURTH  SERVICE  COMMAND  LABORATORY  AS 
APPLIED  TO  THE  ARMY'S  MOSQUITO  CONTROL 

PROGRAM 

loy 

Wn.LAM>  V.  King,  Lieut.  Colonel,  Sanitary  Corps,  U.  S.  Army,  and 
Dwight;  M.  Kuhns,  Lieut.  Colonel,  Medical  Corps,  U.  S.  Army 
Fourth  Service  Command  Laboratory,  Fort  McPherson,  Georgia. 
(Presented  at  the  meeting  of  the  National  Malaria  Society  in  conjunction  with 
the  Southern  Medical  Association,  Richmond,  Virginia,  November  10,  1942.) 

INTRODUCTION 

When  the  United  States  Armv  began  mobilization  in  the  fall 
of  1940,  provision  was  made  immediately  by  the  Medical  Depart- 
ment for  a  program  of  malaria  and  mosquito  control  in  the  various 
training  camps,  particularly  those  in  the  Fourth  Corps  Area  which 
comprised  eight  of  the  Southeastern  states  in  the  malaria  belt.  Com- 
missioned sanitary  engineers  and  entomologists  from  the  Sanitary 
Corps  were  called  to  active  duty  and  assigned  to  the  more  important 
camps.  Prior  to  the  opening  of  the  mosquito  season  in  1941,  in- 
structions, based  on  a  directive  from  the  Surgeon  General,  were  is- 
sued bv  the  Surgeon's  Office  of  the  Fourth  Corps  Area  (now  known 
as  the  Fourth  Service  Command)  as  to  the  procedures  to  be  followed 
in  the  control  work  on  the  Army  reservations.  During  the  Spring  of 
that  vear.  the  Corps  Area  Laboratorv  was  moved  from  Fort  Benning 
to  Fort  McPherson,  and  provision  was  made  in  the  reorganization 
for  a  Department  of  Medical  Enromoloov.  one  of  the  functions  of 
which  was  to  give  assistance  in  the  malaria  and  mosquito  control 
program.  The  appointment  of  an  entomologist  to  this  position  was 
not  effected  until  Fall. 

Following  the  declaration  of  war  there  was  a  natural  increase 
in  the  number  of  Armv  camps  and  airfields  in  this  area.  Because  of 
the  resulting  increase  in  mosquito  control  activitv,  it  was  believed 
essential  to  institute  within  the  cantonment  areas  a  uniform  and 
adequate  svstem  of  mosquito  collection  records,  or  indices,  as  the 
onlv  feasible  means  of  keeping  abreast  of  developments.  Such  a 
system  would  provide  information  on  CO  those  areas  having  a  high 
population  of  Anopheles  auadmnaatlattts  and  therefore  requiring  a 
malaria  control  program,  C2)  those  having  other  species  of  serious 
importance  as  pests,  C3)  the  sources  of  production  of  these  mosqui- 
toes, and  C4)  the  efficacv  of  the  control  program,  both  inside  and 
outside  of  the  reservations. 
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Instructions  for  the  system  of  collection  records  were  prepared 
by  the  Fourth  Corps  Area  Laboratory  and  were  issued  in  the  Spring 
of  1942,  accompanied  by  a  letter  from  the  Corps  Area  Surgeon 
directing  that  collections  be  made. 

INSTRUCTIONS  FOR  WEEKLY  COLLECTIONS 

These  instructions  called  for  the  following  four  classes  of  col- 
lections to  be  made  at  weekly  intervals: 

1.  Adult  anopheline  resting  station  collections.  Previous  expe- 
rience has  shown  that  such  collections  ordinarily  provide 
the  best  means  for  determining  the  relative  abundance  of 
A.  quadrimaculatus,  the  one  species  regarded  as  of  import- 
ance in  malaria  transmission  in  the  Southeast.  As  is  well 
known,  adult  quadrimacidatus  utilize  as  diurnal  resting 
places  such  locations  as  barns,  privys,  hollow  trees,  culverts, 
caves  and  other  dark  and  sheltered  locations.  From  ten  to 
twenty  of  the  most  favorable  places  available  in  the  vicinity 
of  the  cantonment  area  were  to  be  selected  as  stations  for 
weekly  collections,  and  where  the  number  of  such  stations 
was  insufficient  thev  were  supplemented  with  nail  kegs  or 
small  boxes  painted  dark  red.  These  were  found  to  be 
more  effective  when  placed  in  woods  near  breeding  places. 

2.  Light  trap  collections.  From  one  to  five,  or  sometimes  more, 
of  the  New  Jersey  type  of  suction  light  trap  have  been  used 
at  most  of  the  posts.  It  was  recommended  that  three  to 
five  all-night  collections  per  week  be  obtained  from  each 
trap.  These  collections  are  of  especial  value  in  determining 
the  kinds  and  prevalence  of  species  of  Aedes  and  Psorophora, 
two  genera  containing  some  of  the  most  annoying  of  the 
pest  mosquitoes.  The  light  traps  are  comparatively  less 
effective  as  a  rule  in  taking  Anopheles  quadrimacidatus  and 
Culex  quinciuefasciatus  (the  southern  house  mosquito), 
while  the  yellow  fever  mosquito,  Aedes  aegypti  is  very  sel- 
dom taken  in  the  traps.  This  must  be  kept  in  mind  in 
interpreting  the  results.  Because  suitable  index  stations  for 
quadrimacidatus  are  usually  difficult  to  find  in  and  imme- 
diately around  the  cantonment  areas,  the  trap  collections 
are  becoming  increasingly  useful  for  this  species  as  com- 
parative records  are  accumulated.  For  example,  an  average 
of  two  or  three  specimens  per  night  now  is  regarded  as 
approaching  an  undesirable  density  level,  whereas  with  the 
pest  species,  severe  annoyance  may  not  be  noticed  until  the 
traps  show  20  to  50  specimens  per  night. 
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3.  Biting  records.  These  are  taken  after  nightfall  and  the  col- 
lecting period  is  usually  of  30  minutes  duration.  The  speci- 
mens are  caught  while  attempting  to  bite  the  collector  and 
the  records  give  direct  information  on  the  relative  prevalence 
of  the  biting  species. 

4.  Larval  station  collections.  Dipping  collections  for  larvae 
are  made  in  representative  parts  of  all  the  potential  breed- 
ing places  within  a  mile  of  the  cantonment  area.  Inspec- 
tions should  be  made  outside  this  radius  when  pest  species 
are  numerous.  These  collections  are  of  special  importance 
as  they  provide  information  on  the  source  of  production  of 
the  important  species  and  on  the  effectiveness  of  the  larvi- 
cidal  work. 

In  the  instructions  as  issued  to  the  sanitary  personnel,  it  was 
required  that  the  mosquito  material,  accompanied  by  the  collection 
data,  be  mailed  weekly  to  the  laboratory  for  identification  of  species 
or  for  a  check  of  the  identifications  made  by  others.  Most  of  the 
named  specimens  are  then  returned  to  the  originating  post  where 
they  may  be  used  for  study  or  reference  purposes.  As  this  involved 
the  handling  and  tabulating  of  a  great  deal  of  material,  several 
enlisted  men,  graduates  in  entomology,  were  obtained  by  transfer 
to  the  laboratory  and  trained  in  mosquito  identification. 

RECORD  FORMS 

Five  forms  were  prepared  by  the  Service  Command  Laboratory 
and  issued  to  all  the  posts  for  recording  the  collection  and  identifi- 
cation data.  Forms  No.  1  and  2  were  made  up  in  5x8  inch  pads  for 
field  use  in  taking  notes  on  adult  and  larval  collections.  Forms  No. 
3  and  4  (Figure  1)  have  similar  headings,  but  are  printed  on  8x10.5 
inch  sheets  for  the  permanent  record.  No.  5  (Figure  1)  was  in- 
tended for  recording  collections,  particularly  those  from  light  traps, 
in  which  a  variety  of  species  was  taken. 

The  final  draft  of  this  set  of  forms  was  drawn  up  by  the  writers 
after  consultation  with  members  of  the  Georgia  State  Department 
of  Health,  the  U.  S.  Bureau  of  Entomology,  and  the  U.  S.  Public 
Health  Service.  The  forms  were  then  adopted  by  the  Fourth  Service 
Command  and  the  Federal-State  organization  for  Malaria  Control 
in  War  Areas.  The  use  of  the  same  forms  by  the  two  organizations 
provided  a  uniform  system  of  records  and  exchange  of  information 
for  the  workers  in  the  intra-  and  extra-cantonment  zones. 

The  weekly  reports  provide  a  frequent  and  fairly  accurate 
index  of  the  mosquito  population  at  the  camps  where  the  collections 
have  been  adequately  made.  Increases  in  the  numbers  of  any  species 
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becomes  immediately  apparent.  Such  information  is  of  especial 
importance  of  course  in  the  case  of  A.  quadrimaculatus  and  indicates 
need  for  more  intensive  control  efforts. 

SPECIES'  CONTROL  STRESSED 

In  the  beginning  of  the  work  in  1941,  the  control  program 
was  of  necessity  directed  against  all  species  and  all  possible  breeding 
places.  Since  the  establishment  of  the  Laboratory,  stress  has  been 
placed  on  species  control  and  on  the  training  of  the  personnel  to- 
ward greater  species  consciousness.  This  is  essential  in  the  interest 
of  efficiency  and  economy,  since  the  majority  of  the  52  species  that 
have  been  taken  are  of  little  or  no  health  importance.  As  applied 
to  the  malaria  problem,  A.  quadrimaculatus  is  regarded  as  the  sole 
anopheline  in  this  area  against  which  control  measures  need  be 
directed,  which  is  also  in  accord  with  the  present  policies  of  the 
U.  S.  Public  Health  Service  and  the  State  Boards  of  Health.  In  a 
number  of  locations  where  the  principal  species  present  has  been 
found  to  be  A.  crucians  or  A.  punctipennis,  it  has  been  considered 
unnecessary  to  institute,  or  continue,  a  large  scale  larviciding  or 
draining  program. 

Of  the  other  genera  of  mosquitoes,  the  principal  species  con- 
sidered to  be  of  primary  importance  are  the  two  domestic  species, 
Cvlex  quinquefasciatus  and  Aedes  aegypti.  and  certain  of  the  so- 
called  wild  or  pest  species  in  the  genera  Aedes  and  Psorphora,  espe- 
cially A.  vexans  and  P.  columbiae.  At  some  of  the  posts  near  the 
sea-coast  the  salt  marsh  species,  Aedes  taeniorhvnchus  and  Aedes 
sollicitans,  have  been  very  abundant.  In  other  localities,  Mansonia 
verturhans,  Culex  salinarius,  Aedes  mitchellae,  and  several  of  the 
woods  species  such  as  Psorophora  ferox,  Aedes  atlanticus,  and 
Aedes  triseriatus  have  occurred  in  annoying  numbers. 

While  the  final  proof  of  the  effectiveness  of  the  quadrimacu- 
latus control  work  is  the  absence  of  human  cases,  there  is  a  con- 
siderable lag  in  information  obtainable  from  this  source.  Moreover, 
it  is  nearly  always  difficult  or  impossible  to  determine  exactly  where 
infection  was  acquired.  Adequate  collection  records,  in  fact,  if 
consistently  low  for  this  species  at  any  given  camp,  furnish  the 
strongest  evidence  available  that  cases  of  malaria  occurring  in  the 
troops  at  that  camp  have  been  acquired  elsewhere. 

Since  a  considerable  proportion  of  the  personnel  assigned  to 
the  work  had  had  little  or  no  previous  experience  in  collecting 
specimens,  the  project  was  not  carried  out  as  systematically  as  desired 
in  the  earlier  stages.  Nevertheless,  there  has  been  distinct  improve- 
ment in  this  respect  as  the  season  progressed. 
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COLLECTION  RECORDS 

It  is  not  possible  in  the  present  paper  to  give  detailed  analyses 
of  the  collection  records,  but  two  tables  may  be  presented,  the  first 
showing  the  total  number  of  specimens  identified  during  the  past 
vear  (to  October  1)  at  the  Fourth  Sendee  Command  Laboratory 
(Table  1).  The  second  table  shows  the  total  number  of  Anopheles 
quadrimacidatus  adults  taken  by  three  collecting  methods  on  the 
reservations  within  a  mile  radius  of  the  cantonment  area.  In  the 
latter  it  may  be  noted  that  the  seasonal  average  of  males  and  females 
per  collection  was  .90  in  the  natural  resting  places,  .14  in  the  light 
trap  collection  and  .06  in  the  biting  collections.  The  collections 
were  received  from  59  Army  posts  and  airfields  in  the  seven  states 
now  included  in  this  Command  (Figure  2).  They  include  material 
from  3  additional  posts  in  Louisiana  prior  to  its  transfer  to  another 
Service  Command  in  Mav,  1942. 

The  averages  in  Table  2  indicate  a  very  low  quadrimaculatas 
population  for  the  camps  in  general.  As  to  the  individual  locations, 
none  of  the  large  camps  have  shown  what  could  be  regarded  as  a 
dangerous  density  level  at  any  time  during  the  season.  Nearly  all 
of  the  quadrimacidatus  reported  have  been  from  a  half-dozen  small 
stations  and  most  of  these  showed  distinctly  improved  conditions 
before  the  end  of  the  season.  With  the  possible  exception  of  one 
or  two  of  these  posts  there  has  been  little  evidence  of  active  malaria 
transmission  in  the  cantonment  areas  themselves  during  either  of 
the  past  two  seasons. 

One  of  the  interesting  results  of  the  extensive  collection  data 
obtained  this  past  season  is  the  discovery  that  A.  georgianns  is  much 
more  widely  distributed  than  previously  suspected,  having  been 
recorded  in  all  of  the  South  Atlantic  and  Gulf  states  from  North 
Carolina  to  Western  Louisiana.  There  has  been  no  indication, 
however,  that  it  is  of  importance  in  the  transmission  of  malaria. 
New  distributional  records  for  a  number  of  other  species  have  also 
been  obtained. 

TRAINING  OF  PERSONNEL  AND  MOSQUITO  SURVEYS 

One  of  the  important  functions  of  the  laboratory  has  been  as- 
sistance in  the  training  of  personnel  for  the  antimosquito  work.  In 
the  spring  of  1942  there  were  ten  commissioned  entomologists 
assigned  to  the  larger  camps  in  the  Service  Command  and  arrange- 
ments were  made  for  them  to  attend  training  courses  of  two  weeks 
duration  at  this  laboratory.  Eight  of  the  ten  officers  attended  the 
course,  which  consisted  of  conferences  on  mosquito  control  prob- 
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lems  and  training  on  the  identification  of  species.  At  the  request  of 
various  other  stations,  a  number  of  enlisted  men  were  sent  during 
the  year  for  similar  courses.  Since  most  of  these  had  had  no  pre- 
vious entomological  experience,  it  was  necessary  to  give  them  pri- 
mary training  in  collecting  and  control  methods  as  well  as  in  identi- 
fication of  species.  It  is  believed  that  an  enlargement  of  this  training 
program  would  be  of  much  value. 

Another  function  of  the  Entomological  Department  of  the 
Laboratory,  which  may  be  briefly  mentioned,  is  that  of  mosquito 
surveys.  A  considerable  proportion  of  the  camps  and  larger  airfields 
has  been  visited  in  order  to  become  familiar  with  the  local  problem 
and  to  inspect  the  control  work  and  the  system  of  mosquito  collec- 
tions. In  addition,  original  surveys  of  some  new  camp  sites  have 
been  made  by  the  entomological  personnel  and  recommendations 
prepared  as  to  the  control  work  needed.  The  value  of  such  surveys 
has  been  demonstrated  in  several  cases  in  which  the  absence  of 
A.  quadrimaculatus  in  significant  numbers  made  a  control  program 
unnecessary.  At  these  places  it  was  recommended  that  the  regular 
svstem  of  collections  be  carried  out  to  secure  information  on  any 
future  increase  in  the  numbers  of  this  species. 
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SUMMARY 

A  mosquito  survey  and  diagnostic  service  was  organized  by  the 
Medical  Department  of  the  Armv  at  the  Fourth  Service  Command 
Laboratory  located  at  Fort  McPherson,  Georgia.  Instructions  for 
collecting  mosquitoes  and  recording  data  were  made  uniform  for 
all  camps  and  specimens  were  submitted  to  the  Laboratory  for 
identification. 

In  the  mosquito  control  program  stress  was  placed  upon  the 
principle  of  species  control  and  the  development  of  a  greater  species- 
consciousness  among  the  anti-mosquito  personnel.  The  following 
mosquitoes  have  been  listed  as  of  special  importance  in  this  area 
either  as  disease  carriers  or  as  pests:  Anopheles  quadrimaculatus, 
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Culex  quinquefasciatus,  Aedes  aegypti,  Aedes  vexans,  Psorphora 
columhiae,  Aedes  taeniorhynchus  and  Aedes  sollicitans.  Mansonia 
perturbans,  Culex  salinarius,  Aedes  mitchellae,  and  a  few  of  the 
woods  species  have  given  considerable  annoyance  in  some  localities. 

The  system  of  weekly  collections  provided  an  index  of  the 
mosquito  population  at  each  of  the  camps  where  adequate  records 
were  obtained.  The  tabulated  records  furnish  immediate  informa- 
tion on  the  status  of  the  important  species  and  the  effectiveness  of 
the  control  work.  Similar  records  for  the  anopheline  species  were 
obtained  by  Federal  and  state  workers  in  the  extra-cantonment 
zones. 

As  a  result  of  extensive  collections,  Anopheles  georgianus 
was  found  to  be  much  more  widely  distributed  than  previously 
known,  having  now  been  recorded  from  every  state  in  the  Service 
Command  with  the  exception  of  Tennessee.  There  is  no  evidence 
as  yet,  however,  that  it  is  of  importance  in  the  transmission  of 
malaria. 

TABLE  I. 


MOSQUITOES  IDENTIFIED  FROM  ARMY  POSTS  IN  THE 
FOURTH  SERVICE  COMMAND  THROUGH  SEPTEMBER  1942 


May  1942  to  1942: 

April  1942  May 

June 

July 

Aug. 

Sept. 

Total 

Number  of  Posts  11 

21 

37 

41 

40 

46 

62 

Number  of  Species  34 

28 

43 

45 

40 

43 

52 

Number  of  Larval 

Specimens  2,605 

2,964 

4,198 

4,839 

5,279 

5,009 

24,894 

Number  of  Adult  3,968 

4,498 

18,056 

23,049 

46,710 

40,872 

137,152 

Specimens 


TABLE  2 


COMPARISON  OF  ADULT  ANOPHELES  QUADRIMACULATUS 
COLLECTIONS  IN  CANTONMENT  AREAS  IN  THE  FOURTH  SERVICE 
COMMAND  DURING  THE  SUMMER  MONTHS  OF  1942 


Diurnal  Light  Traps  Night  Biting 


Resting  Stations 

Collections 

No. 

No. 

No. 

No. 

No. 

No. 

Collections 

quads 

Collections 

quads 

Collections 

quads 

MAY 

222 

892 

249 

10 

4 

1 

JUNE 

545 

562 

589 

35 

102 

6 

JULY 

741 

597 

697 

168 

44 

1 

AUGUST 

1,103 

842 

1,239 

191 

119 

7 

SEPTEMBER 

1,233 

579 

1,278 

196 

122 

10 

SEASONAL 

TOTAL 

3,844 

3,472 

4,052 

600 

392 

25 

AVERAGE 

PER  COLL. 

.90 

.14 

.06 
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form  M-J 
t*  S  C.  lob. 

LARVAL   MOSQUITO  COLLECTION 


Post  —  Dotes  or  Station  No  Collector. 

Notes  Identified  by 


Sto  H. 

Ucat-ior,  4  k 

L«l 

Larvtci  - 
dinq 

No 

Oipi 

ANOPHELES 

CULICINES 

No.  Collected 

No  Identified 

Total 

Identification 

Total 

Small 

Lo»»* 

Pupoe 

quad 

cruc 

p«»et 

Form  M  <r 
>tM.  SC  Lob 


Post_ 
Notes. 


ADULT  MOSQUITO  COLLECTIONS 


Dote. 


.Collector  

Identified  by_ 


StoNo. 

Location,  etc. 

ANOPHELES 

CULICINES 

quad 

cruc 

puncr 

other 

Totol 

Total 

Species 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

Form  M-5 
tft  S  C  Lob 


Po»t_ 
Note*. 


ADULT  MOSQUITO  COLLECTIONS-  ALL  SPECIES 


.Station  No  or  Dales. 


.Collector. 
.Identified  by. 


Species 

M 

f 

M 

F 

M 

F 

M 

F 

* 

f 

M 

F 

M 

r 

H 

F 

M 

r 

M 

F 

H 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

A.  quodrimoculatut 

A  crucians 

A.  punetipennis 

A 

STATE  AND  LOCAL  ORGANIZATIONS  FOR  MALARIA 
CONTROL  IN  WAR  AREAS 


Louva  G.  Lenebt,  Associate  Engineer 
W.  A.  Legwen,  Assistant  Engineer 
Division  of  Public  Health  Engineering,  Georgia  Department  of  Public  Health 

The  responsibility  for  conducting  the  Malaria  Control  in  War 
Areas  program  in  Georgia  was  delegated  by  the  U.S.  Public  Health 
Service  to  the  State  Department  of  Public  Health  early  in  1942. 

In  the  state  department,  malaria  control  operations  are  a  nor- 
mal function  of  the  Division  of  Public  Health  Engineering,  and 
entomological  and  epidemiological  phases  are  conducted  by  the 
Division  of  Malaria  and  Hookworm  Service. 

MOSQUITO  CONTROL  BY  LOCAL  HEALTH 
DEPARTMENTS 

In  1 94 1 ,  when  the  Public  Health  Service  made  funds  available 
to  the  states  for  mosquito  control  in  extra-cantonment  areas,  labor 
was  employed,  oil  was  purchased  and  operations  were  carried  on 
by  the  local  health  departments  through  the  Division  of  Local 
Health  Organizations.  The  Malaria  and  Hookworm  Division  ren- 
dered considerable  assistance  by  selecting  and  training  inspectors 
who  were  assigned  to  work  with  the  local  departments. 

WPA  MOSQUITO  CONTROL 

This  arrangement  lasted  until  July  1,  1941,  when  funds  were 
exhausted  and  the  Work  Projects  Administration  was  directed  by 
the  Bureau  of  the  Budget  to  continue  mosquito  control  work.  There 
was  a  state-wide  malaria  drainage  project  already  in  operation  so 
changes  were  made  in  the  project  description  to  permit  the  purchase 
and  application  of  larvicidal  oil.  As  the  sponsor's  representative  on 
the  WPA  state-wide  malaria  drainage  project  was  in  the  Division 
of  Public  Health  Engineering  the  overall  direction  of  the  work,  if 
it  could  be  so  described,  was  in  this  Division.  It  was  impossible 
to  convince  the  WPA  management  that  inspectional  service  was 
essential  so  the  program  resolved  itself  into  one  of  oiling  every  par- 
ticle of  standing  water  as  nearly  once  each  week  as  was  possible. 
Sometimes  this  was  done,  if  the  rules  and  regulations  did  not  inter- 
fere and,  on  occasion,  periods  were  as  long  as  three  weeks  to  a  month 
because  oil  purchases  were  not  planned  sufficiently  far  in  advance. 

No  cases  of  malaria,  as  far  as  could  be  learned,  were  contracted 
in  the  military  areas  during  1941.  Whether  this  was  due  to  the 
unusually  dry  season,  good  control  of  mosquito  breeding,  the  ex- 
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tremely  low  ebb  of  the  malaria  cycle,  or  a  combination  of  all  was 
never  decided. 

MALARIA  CONTROL  IN  THE  WAR  AREAS 

The  change-over  from  mosquito  control  to  malaria  mosquito 
control  in  1942  required  drastic  revisions  in  operating  procedure. 

Experiences  of  the  past  season  demonstrated  the  necessity  for 
a  well  organized  inspectional  service  upon  which  control  operations 
could  be  based.  It  was  decided  that  such  inspectional  service  would 
be  set  up  in  every  war  area  where  malaria  might  be  of  potential 
importance,  even  though  former  records  might  indicate  that  it  was 
of  slight  significance.  This  inspectional  service  was  set  up  by  the 
Malaria  and  Hookworm  Division  in  each  imporant  area  before 
A.  quadrimaculatus  mosquito  breeding  started.  All  potential  breed- 
ing places  were  marked  and  numbered  and  weekly  inspections  were 
made  of  each  station. 

Until  A.  qnadrimaculatus  larvae  were  found  and  identified 
no  control  measures  were  started,  except  for  preliminary  organization 
and  some  minor  clearing  and  drainage.  No  labor  was  employed  in 
doubtful  areas  until  the  inspection  service  showed  the  breeding  to 
be  of  sanitary  significance.  After  a  station  was  proven  "  'quad' 
positive"  larvicidal  operations  were  begun,  and  that  station  was 
placed  on  the  schedule  for  weekly  larviciding.  Additions  to  this 
schedule  were  made  as  new  stations  became  "quad"  positive.  As 
soon  as  larviciding  operations  were  started  the  inspection  work  was 
so  coordinated  that  stations  were  checked  the  day  after  larviciding 
to  determine  the  effectiveness  of  control  operations. 

The  control  of  A.  quadrimaculatus  breeding  may  be  accom- 
plished with  several  larvicidal  agents,  the  most  common  of  which 
are  oil  and  Paris  green.  In  Georgia  it  was  decided  to  use  Paris 
green  dust  for  several  reasons.  Oil  is  difficult  to  transport,  messy 
to  apply,  ineffective  in  vegetation,  objectionable  to  property  owners, 
unsightly,  and  complications  in  transportation  made  its  delivery 
throughout  the  season  seem  rather  problematical.  Not  one  gallon 
of  oil  has  been  purchased  for  malaria  control  in  war  areas  in  Georgia 
during  1942. 

STATE  ORGANIZATION 

The  State  Organization  was  therefore  based  upon  1)  a  com- 
plete inspectional  service  which  would  give  an  accurate  picture  of 
A.  quadrimaculatus  production  at  all  times,  2)  a  weekly  larvicidal 
schedule  on  all  positive  breeding  areas  using  Paris  green  dust  as  the 
larvicidal  agent,  and  3)  an  engineering  organization  which  is 
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capable  of  planning  and  executing  such  drainage  projects  as  are 
necessary  to  either  eliminate  larvicidal  operations  entirely  or  make 
them  more  effective. 

A  staff  member  of  the  Engineering  Division  of  the  State  Health 
Department  was  designated  as  the  Service  representative  in  the 
State  and  was  made  responsible  for  all  control  operations.  Ento- 
mological phases,  begun  under  another  division,  were  taken  over 
in  June  by  loan  of  a  staff  member  so  that  all  phases  could  be 
grouped  under  a  common  head  for  operational  convenience. 

ORGANIZATION  CHART 
MALARIA  CONTROL  IN  WAR  AREAS 
STATE  OF  GEORGIA 
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The  attached  chart  (Plate  I)  shows  the  organization,  intensi- 
fied blocks  being  used  to  illustrate  State  participation  in  the  pro- 
gram. The  chart  is  probably  incomplete  in  some  phases,  but  it 
serves  to  illustrate  the  malaria  mosquito  control  organization. 

The  mapping  sendee  shown  is  a  normal  engineering  division 
activity  diverted  to  assist  the  malaria  control  program  as  much  as 
may  be  necessary.   Maps  are  prepared  from  aerial  photographs, 
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usually  those  flown  for  the  AAA.  Plate  II  shows  a  typical  area  so 
mapped  including  all  ponds,  ditches,  streams,  woods  and  houses, 
as  well  as  highways  and  railroads.  The  numbers  following  the  zone 
designation  show  the  location  of  larval  stations  (V65).  Adult  catch- 
ing stations  are  shown  with  letters  (C). 

The  state  organization  (Plate  I)  for  discussion  purposes  may  be 
divided  into  three  units,  1)  administrative,  2)  entomological,  and  3) 
control. 

The  administrative  unit,  while  under  state  direction  is  obvi- 
ously subject  to  certain  Federal  procedures,  specifications  and  regu- 
lations which  require  a  certain  amount  of  joint  management. 
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Entomological  phases  are  under  the  direct  supervision  of  the 
State  Entomologist.  He  is  responsible  for  the  selection,  training 
and  technical  direction  of  the  engineering  aides  (inspectors)  in 
local  areas.  He  has  direct  supervision  over  the  entomologist  who 
identifies  or  confirms  field  identifications  of  all  mosquito  larvae  and 
adults  sent  to  the  state  laboratory.  He  also  supervises  the  senior 
engineering  aide  and  others  in  the  state  office  who  prepare  the 
weekly  progress  reports,  M-3  and  M-4,  and  the  monthly  summaries, 
M-6,  furnished  to  the  Service  and  others. 
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LOCAL  ORGANIZATIONS 

The  control  units  are  the  direct  responsibility  of  the  area  engi- 
neers. Consisting  usually  of  area  engineer,  engineering  aides,  fore- 
men and  laborers  they  are  under  the  direct  supervision  of  the  assist- 
ant state  director,  with  the  cooperation  of  the  local  health  depart- 
ments. The  control  unit  is  integrated  as  much  as  possible  with  the 
local  health  department.  The  shortage  of  experienced  sanitation 
personnel  in  each  local  department  made  it  necessary  to  furnish  and 
train  the  engineers,  entomologists  and  engineering  aides  used  to 
carry  on  field  operations.  Technical  guidance,  and  administrative  de- 
tail required  in  handling  Federal  employment  and  purchases,  make 
necessary  the  semi-autonomous  arrangement  within  the  local  health 
departments. 

The  area  engineer  in  charge  of  a  control  unit  may  be  an 
engineer,  an  entomologist  or  an  engineering  aide.  It  is  his  responsi- 
bility to  see  that  all  phases  of  the  work  in  his  area  function  properly. 

The  inspectors  are  under  the  area  engineer's  administrative 
jurisdiction.  They  make  all  inspections,  fill  out  the  required  inspec- 
tion forms  (M-l  and  M-2)  and  send  all  specimens  to  the  state  lab- 
oratory for  identification  or  verification. 

The  foreman  supervises  all  larvicidal  and  other  labor  operations 
and  keeps  an  accurate  dailv  record  of  activities  under  his  supervision 
(Plate  III). 

From  the  reports  of  the  inspectors  and  foremen  the  area  engi- 
neer maintains  a  monthly  operations  summary  chart  (Plate  IV)  for 
his  permanent  record.  This  shows  at  a  glance  when  inspections  were 
made,  their  findings,  date  for  larviciding,  amount  of  larvicide  used 
and  the  extent  of  each  breeding  station  in  the  area. 

The  area  engineer  also  prepares  a  weekly  operations  report 
(Plate  V)  for  the  state  office,  and  semi-monthly  progress 
reports  for  submission  to  the  Service.  These  are  readily  abstracted 
from  the  inspectors 's  and  foreman's  daily  reports. 

In  those  areas  surrounding  military  establishments  which  oper- 
ate a  control  program  within  the  reservation  boundaries  the  area 
engineer  maintains  close  contact  with  the  medical  inspector,  ex- 
changing reports  of  larval  and  adult  mosquito  inspections  so  that 
coordination  of  the  work  inside  and  outside  of  the  reservation  boun- 
daries can  be  effected. 

OPERATING  MANAGEMENT 
The  weekly  operations  report  from  the  area  engineer  is  the 
state  office  guide  of  operations  and  contains  practically  everything 
necessary  to  show  actual  conditions  for  the  week.  The  entomological 
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service  in  the  state  office  checks  the  identifications  and  numbers  of 
larvae  and  adult  mosquitoes  before  they  reach  the  assistant  state 
director  for  analysis.  This  report  reaches  its  destination  by  Tuesday 
of  the  following  week  so  that  ample  warning  is  received  regarding 
any  unusual  condition  not  already  known  to  the  state  office.  Field 
contacts  from  the  state  office  may  then  be  made  in  accordance  with 
actual  requirements  instead  of  making  unnecessary  routine  visits. 

A  very  helpful  condensed  analysis  of  the  weeklv  summary 
sheets  is  contained  in  the  'Quad'  Positive  Sheet  (Plate  VI),  which 
lists  each  positive  larval  and  adult  station  in  the  entire  state.  They 
are  grouped  into  old  and  new  stations  according  to  whether  they 
have  been  positive  in  previous  weeks  and  are  therefore  under  larvi- 
cidal  treatment,  or  whether  thev  have  been  found  positive  for 
A.  qnadrimacnlattts  for  the  first  time.  A  glance  at  this  sheet  gives 
a  quick  picture  of  the  program  for  the  week  and  indicates  trouble 
spots  which  may  require  further  analysis. 

CONCLUSIONS 

The  organization  and  operating  procedures  outlined  above 
seem  to  have  been  rewarded  with  considerable  success.  In  the  be- 
ginning it  was  somewhat  difficult  to  reconcile  those  who  were  in- 
sistent on  complete  mosquito  control.  In  two  areas  under  larvicidal 
treatment  accurate  records  of  accomplishments  were  sufficient  an- 
swer for  critical  reports  on  the  scope  and  management  of  operations. 

One  area,  in  a  countv  which  carries  out  a  countv-wide  larvicidal 
control  program,  has  been  furnished  standard  inspectional  service 
which  has  resulted  in  materiallv  improving  control  results  and  has 
indicated  the  need  for  certain  drainage  improvements  which  will 
reduce  the  necessitv  for  larviciding. 

In  three  areas  inspection  service  was  maintained  without 
control  measures  being  instituted.   In  the  first,  although  a  mild 
malaria  epidemic  appeared  within  twelve  miles,  inspection  service 
showed  that  no  control  measures  were  necessarv  in  the  area.  In 
the  second  area,  militarv  authorities  insisted  that  control  operations 
should  be  instituted,  but  inspection  service  demonstrated  that  the 
principal  mosquito  was  Anovheles  vunctipennis  and  that  A.  quad- 
rimaculatus  was  very  rarely  found.  Nut  entirely  satisfied  with  theee 
statements  a  separate  inspection  service  was  set  up  bv  the  Army.  To 
date  onlv  five  "quads",  larvae  and  adults  combined,  have  been  re- 
covered in  the  vicinity  of  this  establishment.    In  the  third  area,  the 
local  health  department  did  not  consider  control  operations  neces- 
sary and  inspection  service  was  not  started  until  late  in  the  season. 
Several  A.  quadrimacidatus  breeding  places  of  potential  importance 
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were  located  and  these  will  be  corrected  by  drainage  operations  dur- 
ing the  winter  months,  so  that  the  local  larvicidal  program  will  be 
effective  during  the  next  mosquito  breeding  season. 

In  conclusion,  success  in  any  venture  can  be  attained  only  by 
diligent  application  on  the  part  of  each  individual  to  the  task  to 
he  or  she  has  been  assigned.  The  apparently  successful  malaria 
mosquito  control  operations  in  Georgia  during  the  1942  season  are 
principally  due  to  the  ingenuity,  resourcefulness,  enthusiasm  and 
loyalty  of  those  associated  in  this  work. 


Plate  III 


COMMUNITY  EDUCATION  FOR  MALARIA  CONTROL1 


by 

Trawick  Stubbs,  Assistant  Surgeon 
and 

Mayhew  Derryberry,  Senior  Health  Education  Analyst 

THE  PROBLEM 

Although  a  spldier  receives  protection  against  malaria  in  his 
camp  and  the  mile-wide  zone  immediately  surrounding  it,  he  is  still 
subject  to  the  danger  of  contracting  the  disease  while  visiting  com- 
munities five  to  ten  miles  distant.  Because  of  recent  transportation 
shortages,  most  of  these  visits  are  made  by  walking  the  distance, 
and  most  of  the  walking  is  done  in  the  evening  when  the  danger  of 
malaria  transmission  is  greatest.  Hence,  the  intensive  malaria  con- 
trol program  within  the  camps,  conducted  by  the  armed  forces,  and 
in  the  mile-wide  contiguous  zones,  conducted  bv  the  office  of  Ma- 
laria Control  in  War  Areas  of  the  Public  Health  Service  through 
State  Health  Departments,  do  not  completely  protect  the  soldiers. 

Decreasing  the  endemic  reservoir  of  malaria  in  this  larger  area, 
five  to  ten  miles  from  camp,  would  be  far  too  expensive  in  manpower 
to  attempt  as  part  of  the  regular  program,  and  must  depend  to  a 
large  extent  upon  community  cooperation.  This  meant  that  the 
people  in  these  areas  had  to  be  informed  of  the  danger  and  stimu- 
lated to  do  something  about  it.  Such  a  task  was  no  ordinary  iob  for 
a  malaria  control  worker.  It  required  specialized  training  in  health 
education,  a  field  with  technique  of  its  own  quite  different  from 
those  of  larviciding.  The  office  of  Malaria  Control  in  War  Areas, 
therefore,  solicited  the  aid  of  the  Section  of  Health  Education  of 
the  Public  Health  Service  in  working  out  a  plan  for  a  program. 
Early  in  May,  1942,  the  two  offices  developed  a  cooperative  malaria 
education  program  which  was  operated  by  the  Public  Health  Service 
Education  Section  through  State  and  Countv  Health  Departments. 
The  program  was  restricted  to  a  few  areas  so  that  on  the  basis  of 
this  vear's  experimental  work  a  comprehensive  program  for  next 
vear  might  be  better  planned. 
The  Program 

Health  officers  in  seven  states  recruited  26  assistants  in  Health 
Education  who  were  all  assigned  to  local  health  officers  for  their 
work.  With  the  exception  of  one  sanitary  engineer,  these  were  all 
educators  who  had  the  summer  months  free.  An  attempt  was  made 
to  get  people  who  had  experience  in  both  science  and  public  rela- 
tions. In  the  end,  5  principals  or  superintendents,  12  teachers  of 

1  Presented  at  the  National  Malaria  Society  meeting  in  Richmond,  Virginia, 
November  10-12,  1942. 
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science,  health,  or  physical  education,  8  high  school  or  junior  high 
school  teachers,  and  1  grade  school  teacher  were  selected.  In  most 
instances  these  were  chosen  on  the  recommendation  of  the  local 
health  officer. 

Since  there  were  no  trained  personnel  available,  it  was  felt  that 
these  people,  after  a  two-weeks  intensive  training  course,  could  best 
do  the  job.  They  were  taught  the  facts  of  malaria  by  such  experts 
as  Dr.  Louis  L.  Williams,  Jr.,  Mr.  J.  A.  Le  Prince,  Dr.  M.  A.  Bar- 
ber, Dr.  F.  L.  Roberts,  and  Mr.  J.  L.  Robertson,  Jr.  Three  health 
educators  of  the  Public  Health  Service  provided  group  and  indi- 
vidual training  in  the  techniques  and  philosophy  of  community 
education. 

The  spirit  of  the  trainees  indicated  that  the  program  would  be 
a  success.  To  these  neophyte  health  educators  this  was  more  than 
a  summer  job;  more,  in  fact  than  just  an  opportunity  to  help  ad- 
vance the  health  of  their  respective  communities.  They  were  eager 
to  return  home  to  stimulate  local  people  to  discover,  meet  and  solve 
local  problems. 

Aware  of  the  skepticism  with  which  many  professional  health 
workers  would  view  their  experiments,  they  nevertheless  entered 
upon  their  duties  as  members  of  their  local  health  departments  with 
enthusiasm.  They  spent  the  next  two  or  three  months  working 
among  their  own  people  not  as  malaria  experts,  but  as  teachers 
whose  aim  it  was  to  arouse  the  community  to  take  action  for  the 
control  and  prevention  of  this  disease. 

In  many  places  the  malaria  problem  was  most  important  among 
the  Negroes.  This  meant  that  a  number  of  Negro  groups  had  to  be 
informed  about  and  interested  in  what  had  to  be  done.  One  trained 
worker,  therefore,  was  assigned  to  work  among  the  Negro  Teachers' 
Colleges  throughout  the  South  to  interest  Negro  school  teachers  in 
returning  to  their  communities  in  the  fall  and  getting  their  neigh- 
bors to  take  up  the  fight  against  malaria.  In  one  State  a  Negro 
teacher  was  employed  to  work  on  the  local  level  in  the  same  way  as 
the  rest  of  the  assistants  in  Health  Education. 

RESULTS 

A  final  appraisal  of  the  results  of  the  program  is,  of  course, 
impossible  at  this  time,  but  certain  accomplishments  and  reactions 
to  the  work  can  be  listed. 

The  malaria  problem  was  presented  to  over  35,000  people;  685 
meetings  were  held  with  white  audiences  and  349  with  colored  au- 
diences. In  addition,  10,000  were  influenced  individually.  Count- 
less others  were  reached  by  360  news  articles,  63  radio  programs, 
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and  83  special  exhibits. 

Mayors  of  several  towns  called  mass  meetings  at  which  various 
health  officials  presented  the  malaria  control  problem.  In  many 
places  citizen  committees  were  formed  which  soon  became  active  in 
stimulating  screening  and  larviciding  programs. 

A  malaria  skit  was  presented  before  1800  people  during  the 
intermission  of  a  band  concert.  "Dr.  I.  Q."  quiz  programs,  complete 
with  candv  bars,  were  held.  The  questions  asked  the  contestants 
were  principally  about  malaria. 

Although  the  total  effect  of  these  educational  efforts  will  never 
be  known,  the  immediate  results  have  been  very  encouraging. 

Screen  repairs  have  been  made  on  1500  houses,  and  460  have 
been  mosquito  proofed. 

Spraying  and  oiling  has  been  inaugurated  in  790  places  and 
140  minor  drainage  activities  have  been  undertaken. 

The  students  of  a  number  of  vocational  schools  helped  by 
building  screens  for  25c  each. 

Clinic  groups  were  utilized  and  in  one  instance  an  all-year 
malaria  education  program  was  established  in  a  prenatal  clinic. 

One  hundred  Boy  Scouts,  after  dividing  a  community  into  10 
zones,  accurately  recorded  even'  potential  mosquito  breeding  place 
so  that  an  engineer  could  follow  up  to  check  on  mosquito  production. 

In  one  community  60  interested  citizens  toured  the  nearby 
countryside  to  get  first  hand  information  on  malaria  control. 

Numerous  interesting  techniques  of  group  action  against  ma- 
laria were  developed.  Negro  teachers  are  crusading  against  malaria 
amongst  people  never  before  even  reached. 

Letters  from  various  state  and  local  health  officers  are  packed 
with  such  phrases  as:  "Exceedingly  well  pleased,"  .  .  .  "W  ork  most 
valuable,"  ...  "A  valuable  asset,"  .  .  .  "An  excellent  piece  of  work," 
.  .  .  "Stimulated  a  great  deal  of  interest  in  malaria  and  malaria  con- 
trol work,"  .  .  .  "Did  a  great  deal  in  bringing  about  a  better  under- 
standing concerning  malaria  control  and  prevention." 

These  results  justify  the  conclusion  that  the  experiment  in 
Education  for  Malaria  Control  is  worthy  of  continuation  and  expan- 
sion. As  encouraging  as  the  results  have  been,  they  do  not  present 
a  full  picture  of  the  significance  of  this  program. 

SIGNIFICANCE 

"During  the  summer  of  1943  the  program  was  expanded  to  cover  90  counties 
in  13  States  and  the  same  proportionate  tangible  results  were  obtained. 


1.    This  type  of  program  emphasizes  the  local  nature  of  the 
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malaria  problem,  and  stimulates  the  people  whose  problem  it  is  to  do 
something  about  it. 

2.  Study  of  the  malaria  problem  by  the  community  does  not 
stop  with  the  cessation  of  this  immediate  program.  There  is  a  carry- 
over into  innumerable  study  groups  among  school  children  and  their 
parents.  It  emphasizes  the  value  of  a  closer  tie-up  between  the  health 
department  and  the  school. 

3.  One  cannot  overemphasize  the  influence  of  this  educa- 
tional work  in  transforming  the  present  emergency  program  spon- 
sored by  the  Federal  Government  into  long  range  full-time  programs 
by  local  people.  One  of  the  most  discouraging  experiments  in  ma- 
laria control  work  has  been  to  see  splendid  programs,  financed  by 
funds  from  outside  the  community,  utterly  fail  when  those  emer- 
gency funds  were  withdrawn,  and  see  the  burden  of  malaria  again 
fall  heavily  upon  the  community.  This  educational  program  offers 
one  possible  solution  to  such  failures. 

4.  This  experiment  illustrates  a  type  of  Public  Health  Edu- 
cation that  is  successful.  Malaria  workers  may  well  be  proud  that 
their  field  has  demonstrated  an  effective  educational  technique— one 
which  will  no  doubt  come  to  be  more  and  more  an  integral  part 
of  Public  Health  work. 

5.  Even  more  significant  than  these  other  four  points  is  the 
fact  that  here  is  a  practical  demonstration  of  Democracy  at  work. 
One  need  not  apologize  in  these  days  for  saying  that  even  here  in  a 
program  like  this  there  are  questions  more  fundamental  and  basic 
than  Malaria  Control.  Honest  thinking  about  this  war  forces  us  to 
be  reminded  that  some  of  our  greatest  enemies  are  not  those  across 
the  ocean,  but  rather  those  within  our  own  country,  for  example, 
our  negligence  in  facing  our  own  individual  problems  and  taking 
responsibility  for  solving  them  in  democratic  fashion;  and  our  failure 
to  realize  that  democratic  action  is  not  only  political,  but  applies  as 
well  to  other  categories  of  community  and  national  life.  We  believe 
that  this  program  is  more  than  just  another  public  health  experiment; 
it  is  an  experiment  in  basic  democratic  functions.  The  success  of 
such  an  undertaking  offers  a  basis  for  optimism  not  only  in  the  im- 
mediate efforts  to  prevent  disease,  but  also,  in  these  dark  days  it 
holds  ever  before  us  the  hope  of  hastening  the  day  when  man,  in 
his  struggle  against  his  enemies,  including  the  scourge  of  malaria, 
will  emerge  victorious  and  triumphant. 


iMALARIA  CONTROL  EXPERIENCE  WITH  CIRCULAR 
JOINT  DITCH  PAVING  SLABS  AND 
AUTOMATIC  SIPHONS* 

W.  A.  Leg  wen 

At  the  November  11,  1941,  National  Malaria  Society  meeting 
in  St.  Louis,  Missouri,  several  papers  were  presented  by  the  members 
of  the  Georgia  Department  of  Public  Health.  One  of  these  papers1 
described  the  design  of  a  new  type  ditch  paving  and  another2  pre- 
sented the  design  and  suggested  application  of  an  automatic  siphon 
for  malaria  control  purposes. 

In  order  to  supplement  these  papers  with  additional  operating 
data,  a  brief  summary  is  given  of  subsequent  experience  with  the  use 
of  the  two  described  devices. 

CIRCULAR  JOINT  DITCH  PAVING 

During  1942,  two  projects  producing  and  installing  this  type 
paving  have  been  in  continuous  operation.  One,  the  first  to  pro- 
duce this  type  of  paving,  was  operated  under  the  mosquito  control 
program  at  Fort  Benning,  Georgia,  beginning  production  in  1941. 
During  the  first  nine  months  of  1942,  this  project  produced  31,539 
square  feet  of  ditch  paving  and  installed  39,654  square  feet.  The 
project  was  operated  with  labor  hired  under  Civil  Service  procedure 
by  the  Post  Engineer,  with  the  technical  guidance  of  the  Post 
Sanitary  Officer. 

At  Camp  Stewart,  Georgia,  a  paving  program  was  incorporated 
in  the  WPA  drainage  project  which  was  sponsored  by  the  Georgia 
Department  of  Public  Health  and  the  U.  S.  War  Department. 
This  project  began  operation  about  the  middle  of  December,  1 94 1 , 
and  has  been  in  operation  since  that  time.  Through  July  10,  1942, 
the  production  and  installation  of  all  paving  was  performed  by  WPA 
labor.  During  this  time,  the  project  produced  approximately  800 
cubic  yards  concrete  paving  and  installed  approximately  710  cubic 
yards.  Since  July  10,  WPA  personnel  available  has  been  sufficient 
only  for  concrete  casting  purposes,  and  installation  has  been  ef- 
fected by  labor  employed  by  the  Post  Engineer. 

From  the  Division  of  Public  Health  Engineering,  Georgia  Department  of  Public 
Health,  Atlanta,  Georgia. 

'Presented  at  the  joint  meeting  of  the  National  Malaria  Society  and  the  American 
Society  of  Tropical  Medicine,  Richmond,  Virginia,  November  12,  1942.  The  author 
desires  to  acknowledge  his  indebtedness  to  Messrs.  M.  H.  Goodwin,  Jr.,  Jas.  C. 
Burgoyne,  Morton  Merron,  and  Robert  Lofton  for  their  considerable  assistance  in 
the  siphon  installations  and  studies. 
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Man  Hour  Requirements.  Any  comparisons  of  financial 
costs  of  various  types  of  paving  must  be  closely  analyzed  to  avoid 
incorrect  conclusions.  Concrete  materials  per  cubic  yard  of  concrete 
vary  only  as  to  actual  costs  and  this  is  generally  due  to  geographical 
locations  of  the  projects  and  the  sources  and  types  of  materials.  Labor 
costs  vary  a  great  deal  due  to  the  type  of  projects,  supervision  and  pay 
rates  allowed.  From  general  construction  experience  and  analyses 
of  published  data,  the  most  reliable  index  for  comparison  purposes 
appears  to  be  man  hours  of  labor  per  unit. 

In  addition  to  data  from  the  Fort  Benning  and  Camp  Stewart 
project,  comparable  operations  data  have  been  secured  from  other 
WPA  ditch  paving  projects  in  the  immediate  vicinity  of  Camp 
Stewart.  These  projects  employ  the  parabolic  Panama  invert 
paving  with  rectangular  jointed  wing  slabs  for  the  larger  sections. 
Portland  cement  butt-joint  paving  slabs  have  been  installed  by  the 
Camp  Stewart  Post  Engineer  personnel.  In  previous  experience 
in  this  state,  for  malaria  control  purposes,  butt-joint  inverts  of  any 
design  have  been  unsatisfactory  due  to  displacement  and  weed 
growth.3 

All  of  the  aforementioned  data  are  included  in  the  following 
table  of  man  hours  per  cubic  yard  of  concrete  paving: 


Table  1— Man  Hour  (Per  Cubic  Yard)  Comparisons 


Location 

Fort  Benning 
Fort  Benning 
Camp  Stewart 
Camp  Stewart 
Camp  Stewart 
Camp  Stewart 
Camp  Stewart 
Project  I 
Project  I 
Project  II 
Project  II 


Period 

1941-42 
Prior  July  '42 
Prior  July  '42 
Prior  July  '42 
Prior  July  '42 
Prior  July  '42 
Prior  July  '42 
Since  July  '42 
Since  July  '42 
Since  July  '42 


Labor    Operation  Type  Paving 


c.  s. 

Casting 

Circular 

16.9 

c.  s. 

Installation 

Joint 

38.8 

c.  s. 

» 

Parabolic 

25.7 

WPA 

n 

Panama 

43.2 

WPA 

tt 

Invert 

2474 

WPA 

n 

Portland 

25.0 

WPA 

it 

Cement 

9.5 

WPA 

Butt-joint 

2578 

WPA 

tt 

36.5 

1.  Legwen,  W.  A.,  and  Lenert,  Louva  G.,  Circular  Joint  and  Concrete  Form 
Design  for  Precast  Inverts  for  Malaria  Control  Ditcb  Lining. 

2.  Legwen,  W.  A.,  and  Howard,  R.  S.,  Jr.,  Design  and  Application  of  a  New 
Type  Automatic  Siphon  for  Malaria  Control. 

3.  Andrews,  Justin,  Howard,  R.  S.,  Jr.,  and  Turner,  E.  Archer,  Malaria  Control 
Ditch-Lining  Experience  in  a  South  Georgia  County. 

All  of  these  papers  were  presented  at  the  National  Malaria  Society  meeting, 
November  11,  1941. 


From  the  preceding  data,  it  will  be  seen  that  this  type  paving 
compares  favorably  with  other  acceptable  types  which  have  been  in 
use  for  some  time.    The  variation  in  labor  for  different  plants  em- 
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ploying  this  slab  can  be  attributed  mainly  to  the  regulations  gover- 
ing  the  operation  of  the  various  projects. 

Concrete  Forms.  The  first  forms  at  Fort  Benning  were  cast 
from  wooden  patterns  furnished  by  the  Georgia  Department  of 
Public  Health,  and  the  first  forms  at  Camp  Stewart  were  also  cast 
from  wooden  patterns  made  with  camp  facilities.  The  Georgia 
Department  of  Public  Health  secured  a  set  of  metal  patterns  and 
furnished  these  to  the  Camp  Stewart  and  Fort  Benning  authorities 
and  most  of  the  subsequent  forms  cast  were  made  from  these  pat- 
terns. The  concrete  forms  proved  entirely  practical,  more  economi- 
cal, and  have  a  greater  life  than  wooden  forms. 

THE  AUTOMATIC  SIPHON 

During  1942,  two  of  the  automatic  siphons  (12"  minimum 
head  model)  have  been  installed.  These  siphons  were  precast  in 
three  sections  as  described  in  the  original  paper.  Mr.  A.  J.  Kirby, 
Public  Health  Engineer  in  Bullock  County,  Georgia,  described 
and  constructed  the  necessary  forms  and  produced  an  almost  perfect 
casting  job.  One  of  these  siphons  was  installed  in  Liberty  Countv 
be  ginning  July  11.  Its  main  purpose  was  for  the  control  of  anophe- 
line  breeding  in  a  roadside  ditch  2700'  in  length  with  an  average 
grade  of  0.1%.  This  ditch  was  fed  by  an  artesian  well  with  a 
flow  of  approximately  4  to  6  gallons  per  minute.  Due  to  the  low 
head  available,  this  12"  minimum  head  siphon  had  to  be  modified 
so  that  it  would  operate  under  a  1"  minimum  head.  This  modifi- 
cation was  made  by  replacing  the  standard  priming  vent  with  another 
at  a  higher  elevation,  connected  through  the  cover  of  the  siphon  and 
into  the  throat.  The  siphon  has  adequately  demonstrated  that  very 
small  flows  are  entirely  sufficient  to  actuate  the  siphon  and  it  permits 
no  leakage  or  over-flow.  The  reservoir  impounded  by  the  siphon's 
dam  required  three  to  four  days  to  fill  and  was  drawn  down  1'  by 
the  siphon  in  approximately  40  minutes. 

Prior  to  the  installation  of  the  siphon,  A.  quadrimaculatus 
breeding  had  been  observed  in  this  ditch  and  larvicidal  control  mea- 
sures were  instituted.  During  the  period  of  this  siphon's  operation 
(August-September  1942)  and  in  the  absence  of  other  control  mea- 
sures, no  anopheline  breeding  could  be  detected.  As  a  measure  of  its 
efficiency  as  a  malaria  control  device,  the  siphon's  operation  was  bro- 
ken by  permitting  air  to  enter  the  throat  of  the  siphon,  allowing  the 
normal  flow  of  the  well  to  pass  through  the  siphon  and  inundate  the 
ditch.  Within  fourteen  days,  fourth  stage  A.  quadrimaculatus 
larvae  were  collected  from  this  ditch. 

A  second  siphon  was  installed  in  Baker  County,  Georgia,  at 
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DeSoto  Springs,  construction  being  started  on  August  25,  1942. 
The  pool  created  by  the  flow  from  the  springs  (30  to  240  gallons 
per  minute)  provided  an  excellent  A.  quadrimaculatus  breeding 
area.  This  site  was  favorable  for  a  demonstration  of  the  siphon's 
efficiency  as  a  fluctuation  device  and  for  a  further  study  of  its  hy- 
draulic characteristics.  It  was  unfavorable  in  that  considerable 
difficulty  was  encountered  in  securing  and  maintaining  a  water  tight 
dam  due  mainly  to  the  high  porosity  of  the  soil. 

Measurements  of  the  flow  capacity  of  this  siphon  revealed  an 
increase  of  approximately  60  to  65%  over  that  of  the  original  sheet 
metal  siphons.  At  the  listed  heads,  the  following  flows  in  gallons 
per  minute  were  observed:  1.2'  =  1020,  1.5'  =1 180,1.8' =  1310. 
and  2.1'  =  1460.    The  error  of  observation  will  not  exceed  5%. 

The  increase  in  flow  capacity  observed  was  undoubtedly  due 
to  the  improvement  in  streamlining  in  the  concrete  siphon.  This 
increase  was  beneficial  in  that  the  discharge  period  was  reduced 
but  the  high  velocity  in  flow  permitted  entrance  of  air  into  the 
siphon  at  a  higher  elevation  than  originally  designed  and  it  resulted 
in  imperfect  breaking  and  sealing.  This  condition  was  remedied 
by  replacing  the  3A"  sealing  vent  with  one  of  W  size.  Since  this 
replacement,  the  siphon  has  operated  perfectly  and  no  further  modi- 
fications are  apparently  necessary. 

Due  to  the  short  period  of  operation  and  the  lateness  of  season, 
conclusive  evidence  of  this  siphon's  efficiency  as  a  malaria  control 
device  cannot  be  given.  It  has  been  demonstrated,  however,  that 
the  siphon  is  efficient  for  fluctuation  purposes  and  it  may  be  reason- 
ably expected  that  results  obtained  by  other  malariologists  using 
fluctuation  as  a  control  measure  will  be  obtained  by  the  use  of  this 
device.  It  has  been  definitely  noted  that  large  quantities  of  flotage 
and  numerous  anopheline  larvae  have  been  drawn  into  the  the 
siphon  and  discharged  downstream.  This  siphon  and  breeding 
area  will  be  kept  under  observation  and  further  data  will  be  collected 
and  presented  at  a  later  date. 


Plate  I 


Precs.31  Concrete  Siphon 


Plate  II 


TRANSIT-PLANE  TABLE  TOPOGRAPHIC  MAPPING 
USED  FOR  MALARIA  CONTROL  DRAINAGE* 
W.  A.  Legwen 

Engineers  familiar  with  topographic  methods  have  long  recog- 
nized the  advantages  of  the  plane  table.  This  instrument  generally 
consists  of  a  convenient  sized  drawing  board  mounted  on  a  tripod 
with  a  leveling  and  clamping  device,  and  on  which  full  mapping 
operations  are  performed  with  the  use  of  an  alidade.  The  horizon- 
tal and  vertical  positions  of  the  desired  points  are  determined  with 
the  alidade  and  the  operator  locates  these  points  graphically  on  the 
mapping  sheet  which  is  attached  to  the  drawing  board.  Detailed 
descriptions  of  the  instrument  and  its  use  are  found  in  civil  engineer- 
ing handbooks.''' 

Principal  advantages  of  the  plane  table  method  are:  1)  stations 
may  be  located  independently,  obviating  cumulative  errors;  2)  all 
sketching  is  done  in  the  field  where  the  topographer  can  see  the 
form  of  the  ground  he  is  mapping;  3)  elaborate  notes  or  retentive 
memory  are  not  required;  4)  missing  detail  is  readily  obvious  and 
superfluous  information  is  dispensed  with. 

Disadvantages  of  the  plane  table  method  are:  1)  an  alidade  is 
required  and  as  this  instrument  is  not  adaptable  for  other  engineering 
uses  it  is  available  only  in  large  or  highly  specialized  organizations;  2) 
accuracy  of  mapping  operations  is  limited  by  the  skill  of  the  operator 
rather  than  by  field  measurements,  and  there  are  few  competent 
alidade  operators  as  compared  to  transitmen;  3)  isolation  and  correc- 
tion of  errrors  are  difficult  due  to  lack  of  computable  data;  4)  its 
operation  is  entirely  dependent  upon  favorable  weather. 

In  the  fall  of  1937,  the  writer  had  occasion  to  map  a  malaria 
mosquito  breeding  area  in  Richmond  County,  Georgia,  comprising 
abandoned  brickyard  pits,  characterized  by  irregular  shore  lines, 
numerous  small  dikes  and  islands,  and  large  numbers  of  watered 
areas.  A  plane  table  survey  was  indicated,  but  an  alidade  was  not 
available  and  it  became  necessary  to  devise  some  other  method  of 
field  mapping  procedure.  This  method,  based  upon  standard 
engineering  field  and  office  practice,  has  been  designated  "transit- 
plane  table  method."  It  proved  to  be  entirely  satisfactory  for  the 
occasion  and  with  slight  modifications  has  been  used  very  success- 
fully since  that  time  on  various  difficult  mapping  operations.  Ex- 

*From  the  Division  of  Public  Health  Engineering,  Georgia  Department  of  Pub- 
lic Health,  Atlanta,  Georgia. 

Presented  at  the  joint  meeting  of  the  National  Malaria  Society  and  the  Amer- 
ican Society  of  Tropical  Medicine,  Richmond,  Virginia,  November  12,  1942. 

fAmerican  Civil  Engineers'  Hand  Book,  5  th  Edition,  Pages  472-4. 
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perienced  alidade  operators  who  have  become  acquainted  with  this 
method,  have  unanimously  adopted  it  in  preference  to  the  plane  table 
method. 

The  consecutive  stages  of  the  transit-plane  table  method  are 
described  as  instrument  work,  plotting,  preparation  of  plans,  and 
field  layout,  as  follows: 

INSTRUMENT  WORK 

The  required  equipment  comprises  a  transit  with  stadia  hairs 
(in  good  adjustment),  field  book  with  natural  tangent  tables,  axe, 
two  to  four  stadia  rods,  one  level  rod,  and  necessary  clearing  tools. 

Personnel  consists  of  a  transitman,  two  to  four  rodmen,  and 
one  to  four  axemen. 

In  operation  the  transit  is  set  up  over  the  traverse  station, 
zeroed  on  the  backsight  —  B.  S.  (usually  a  traverse  station)  and  the 
stadia  distance  and  magnetic  bearing  observed.    All  observations 


r 

as-/ 

o 

4t7' 

547- JO£- 

X  z 

//ffJrJ 

<SZ/' 

-/■r  m/ 

ay"/ 

3 Uo 

//4£ 

7/6 

44z 

7-°4 

o- 

o  ' 

4t 

£? 

4Z-/S 

4  f 

6  7 

/3Z-'o 

<r.3 

7  Z 

rr 

4i 

49 

,S,-so 

/to' 

7/ 

05-z   0°  :  ezf'  s4g-/rs 


j 

44s'  /v^sy-&°  */ 
/2 :-QZ]  \  7&4\. 

4/9  7S3\ 
3/\  4t  .  7Z  | 


j  OS'  SacJt  JW      0M*  OincA  />?~i: ' 


Fig.  1 


are  entered  in  the  field  book  in  the  manner  shown  in  Fig.  1,  with 
the  descriptions  and  observations  on  any  point  being  shown  on  the 
same  line.  The  "height  of  instrument"  is  now  determined  from  a 
Bench  Mark  (BM)  or  Turning  Point  (TP)  by  using  the  transit 
as  a  level. 
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The  horizontal  and  vertical  positions  of  all  points  may  now  be 
determined.  The  best  order  of  observation  is:  rod  reading  for 
elevation,  stadia  distance  (then  restore  telescope  to  level  position  by 
setting  middle  cross-hair  on  first  rod  reading),  and  observation  of 
clockwise  horizontal  angle  from  back  sight.  When  the  next  tra- 
verse station  (s)  has  been  set,  its  stadia  distance,  magnetic  bearing, 
clockwise  angle  are  observed  and  a  turning  point  is  set  on  line 
approximately  midway  between  stations. 

Ground  elevations  are  generally  determined  to  the  nearest 
0.1  foot  and  turning  points  and  bench  marks  determined  to  the 
nearest  0.01  foot. 

PLOTTING 

Equipment  for  plotting  comprises  one  semi-circular  plotting 
protractor  (see  description  below),  two  medium  size  triangles,  one 
engineer's  scale,  drawing  pencils,  headed  needles,  eraser,  plane  table 
sheet  and  drawing  board  mounted  on  tripod. 

All  plotting  is  done  by  recorder  or  transitman. 
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/        Figure  2 


Plotting  Protractor.  The  protractor  is  generally  made  from  a  full 
circle  printed  on  Bristol  board,  which  may  be  purchased  from  any 
firm  handling  engineering  and  drafting  supplies.  The  full  circles 
are  usually  eight  or  fourteen  inches  in  diameter,  the  circumference 
being  divided  into  degrees  and  half-degrees,  the  larger  also  into 
quarter-degrees. 

After  marking  the  center,  the  circle  is  cut  accurately  in  half 
so  that  the  diameter  falls  on  one  of  the  ten  degree  divisions  at 
either  end.    Using  the  center  as  zero,  the  desired  scale  is  laid  off 
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along  the  diameter  to  the  full  length  of  the  radius  in  both  directions. 
With  protractor  in  convex  position,  the  scale  to  right  of  zero  is 
designated  "A"  and  the  scale  to  the  left  is  designated  "B".  Begin- 
ning with  zero  and  180  degrees  at  the  right  edge  of  the  protractor, 
the  degree  divisions  are  marked  around  the  circumference  to  180 
degrees  and  360  degrees.  At  the  center  point,  a  small  piece  of  thin 
metal  is  attached  to  the  protractor,  protruding  beyond  the  scale 
edge  enough  to  be  pierced  exactly  on  center  with  a  hole  of  sufficient 
size  to  just  admit  a  needle.  The  complete  protractor  is  shown  in 
Figure  2. 

The  mounted  board  is  set  up  within  five  to  fifteen  feet  of  the 
transit  and  is  approximately  leveled  and  oriented.  The  traverse 
only  is  plotted  by  natural  tangents^,  but  may  be  plotted  by  total 
latitudes  and  departures.  With  normal  care  and  ability,  these 
methods  of  traverse  plotting  can  be  performed  as  easily  and  as 
accurately  on  the  plane  table  as  in  the  office,  and  accuracy  will 
closely  approach  that  of  any  method  in  which  traverses  are  not 
closed. 

In  plotting  from  short  courses  with  the  plotting  protractor, 
it  will  be  necessary  to  extend  the  reference  line  from  the  transit 
station  through  the  preceding  traverse  station  a  distance  greater 
than  the  radius  of  the  protractor.  The  protractor  is  fixed  in  position 
by  passing  a  needle  through  the  zero  point  and  into  the  map  at  the 
station  where  the  transit  is  set. 

To  plot  any  given  point  observed  by  the  transitman  the  pro- 
tractor is  rotated  so  that  the  graduation  corresponding  to  the  angle 
observed  lies  exactly  on  the  reference  line.  This  is  illustrated  in 
Figure  2  for  an  angle  of  40  or  220  degrees.  The  point  is  then  plot- 
ted at  its  observed  distance,  using  the  "A"  scale  if  the  angle  is  less 
than  180  degrees  or  the  "B"  scale  from  180  to  360  degrees.  Where 
the  distance  exceeds  the  scale  on  the  protractor  the  line  must  be 
extended  and  the  distance  laid  off  with  the  engineer's  scale. 

A  loose-leaf  field  book  which  will  lie  flat  on  the  table  when 
open  is  most  convenient  for  recording  and  plotting.  The  plotter 
can  record,  reduce  his  notes  and  plot  the  points  with  his  right  hand 
and  manipulate  the  protractor  with  his  left  hand.  Each  point  is 
plotted  and  its  elevation  set  down,  with  the  decimal  indicating  the 
exact  location. 

As  the  work  proceeds  the  plotter  can  readily  observe  the  locat- 
ions and  elevations  of  the  points  plotted  and  notify  the  transitman 
as  to  their  sufficiency,  or  as  to  the  need  of  auxiliary  stations.  When 
sufficient  observations  have  been  made  and  the  traverse  readings 
checked,  the  transitman  moves  to  the  next  station.    The  plotter 


Transit-Plane  Table  Topographic  Mapping 


69 


plots  the  next  traverse  station  by  natural  tangents,  checks  the  location 
with  his  protractor,  and  then  moves  his  equipment  to  the  next  station. 

The  transitman  can  make  and  record  all  observations,  and  plot 
them,  but  the  number  of  observations  can  often  be  doubled  if  a 
recorder  is  employed.  Anyone  capable  of  elementary  drafting  can 
be  taught  the  essentials  of  recording  and  plotting  in  one  day's  time. 
A  competent  plotter  can  record,  reduce  and  plot  the  observations  as 
quickly  as  any  transitman  can  accurately  make  them. 

PREPARATION  OF  PLANS 

The  field  work  complete,  the  drainage  layout  may  be  made  as 
shown  in  Figure  3,  using  regular  highway  curves  and  tangents  for 
canals  and  other  major  jobs.    Elevations  of  stations  on  the  drainage 


layout  are  determined  by  interpolation  of  the  plotted  field  obser- 
vations, and  the  profile  is  drawn  in  the  regular  manner.  The  plans 
are  traced  and  complete  construction  estimates  may  be  made,  includ- 
ing earthwork,  clearing  and  grubbing,  and  necessary  drainage 
structures. 

FIELD  LAYOUT 

The  graphical  layout  is  transferred  to  the  ground  in  a  manner 
exactly  the  reverse  of  the  original  procedure.  The  plotter,  by  use 
of  the  protractor,  determines  the  angle  and  distance  from  a  traverse 
station  to  the  planned  center  line  and  so  informs  the  transitman. 
With  this  information,  he  moves  his  rodman  until  the  prescribed 
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conditions  are  met  and  sets  a  center  line  stake  at  that  point  (if  de- 
sired, grade  stakes  may  also  be  set).  The  same  procedure  is  fol- 
lowed on  tangents  and  curves.  Where  regular  curves  are  to  be 
run  in  with  the  transit  after  clearing,  additional  points  are  set  in 
the  approximate  location  of  points  of  curvature,  points  of  tangency 
and  points  of  intersection. 

SUMMARY 

A  modified  method  of  plane  table  surveying  has  been  devised 
and  described.  It  retains  the  best  points  of  the  plane  table  method 
and,  in  addition,  has  these  distinct  advantages: 

1.  The  necessary  equipment  is  generally  available  or  easily 
procurable. 

2.  Personnel  experienced  in  transit  operation  are  generally 
available,  and  plotters  are  easily  trained. 

3.  This  method  is  not  entirely  dependent  upon  favorable 
weather.  When  weather  temporarily  permits  instrument  work 
only,  plotting  can  be  done  on  return  to  quarters. 

4.  Accuracy  is  not  limited  by  plotting  as  angles  are  transit 
measured  and  all  courses  can  be  computed  if  desired. 

5.  Isolation  and  correction  of  errors  are  easily  made  by  study 
notes  and  complete  map. 

6.  Speed  and  accuracy  are  increased.  The  transit  is  far  more 
maneuverable  than  the  alidade  and  a  gain  in  efficiency  of  from  50 
to  100  percent  has  been  noted. 


THE  MEASUREMENT  OF  A  POPULATION  OF 
ANOPHELES  QUADRIMAC ULATUS  SAY 

By  Don  E.  Etles  and  William  W.  Cox 

'Presented  at  the  joint  Meeting  of  the  National  Malaria   Society  and  the 
American  Society  of  Tropical  Medicine,  Richmond,  Va.,  November  12,  1942. 
From  the  Office  of  Malaria  Investigations,  Division  of  Infectious  Diseases, 
National  Institute  of  Health 

INTRODUCTION 

Methods  of  measuring  relative  densities  of  Anopheles 
mosquitoes  have  been  of  much  use  in  determining  the  efficiency 
of  control  operations.  A  method  of  making  absolute  measurements 
would,  of  course,  be  of  even  more  theoretical  and  perhaps  practical 
importance.  Efforts  during  the  summer  of  1942  were  directed 
toward  applying  to  the  measurement  of  populations  of  Anopheles 
qiiadrimaculatus  a  technique  of  absolute  density  determination 
which  was  developed  by  C.  H.  N.  Jackson  for  use  with  the  tsetse- 
fly,  Glossina  morsitans  Westwood  (Jackson  1932,  1936,  1939, 
1940). 

In  a  series  of  experiments  Jackson  utilized  the  technique  of 
marking  and  recapturing  insects— a  technique  which  has  been  suc- 
cessfully applied  to  the  study  of  mosquito  flight  range— in  estimating 
tsetse-fly  populations.  The  method  of  Jackson  is  based  on  the 
following  principle  (Jackson,  1939,  p.  238): 

"A  random  sample  of  individuals  is  marked;  at  some  later 
time  a  random  sample  is  caught  and  examined;  either  the  initial 
marking  or  later  catching  is  done  evenly  over  the  area  selected  for 
study.  The  second  catch  includes  a  certain  proportion  of  indi- 
viduals recognized  by  their  marks  as  having  been  caught  in  the 
first  sample.  Then  ....  the  proportion  of  recaptures  to  total 
taken  in  the  second  ought  to  be  the  same  as  the  proportion  initially 
marked  to  the  total  population.   That  is  the  population  is  equal  to 

total  marked    x    total  caught  when  recapturing". 
recaptures 

This  principle,  which  was  first  applied  in  quantitative  ecology 
by  F.  C.  Lincoln  in  ornithological  work,  has  been  referred  to  as 
the  "Lincoln  Index". 

The  experiments  conducted  along  this  line  were  three  in 
number  and  were  carried  out  in  the  vicinity  of  Walnut  Log,  Reel- 
foot  Lake,  Tennessee.  In  applying  the  principle,  which  was  stated 
above,  to  the  study  of  A.  qiiadrimaculatus  populations  the  formulae 
and  statistical  methods  of  Jackson,  which  were  reviewed  and  de- 


72 


National  Malaria  Society  Journal 


rived  at  least  in  part  by  R.  A.  Fisher  and  W.  L.  Stevens  of  the 
Galton  Laboratory,  London,  were  used.  Much  of  the  success  of  the 
experiments  here  reported  is  due  to  having  a  method  of  catching 
and  examining  larger  numbers  of  mosquitoes  than  other  investi- 
gators have  been  able  to  handle.  This  technique  has  been  de- 
scribed elsewhere  (Eyles,  1943). 

METHOD  OF  STUDY 

Mosquitoes  were  caught  in  as  nearly  a  random  manner  as 
possible,  marked,  and  immediately  released  over  the  area  under 
consideration.  The  first  recatch  was  made  at  an  interval  long 
enough  to  allow  intimate  mixing  of  the  marked  samples  with  the 
unmarked  mosquito  population,  and  five  other  recatches  followed 
at  the  same  interval.  The  length  of  this  interval  was  determined 
in  manner  which  will  be  described  later. 

It  will  be  noted  that  in  the  introductory  principle  only  one 
recatch  is  referred  to,  but  owing  to  the  fact  that  the  interval  between 
marking  and  recapturing  is  of  necessity  not  negligibly  brief,  allow- 
ance must  be  made  for  marked  insects  which  die  or  leave  the  study 
area  during  the  course  of  the  experiment.  This  death  and  emigra- 
tion causes  the  proportion  of  marked  mosquitoes  to  diminish,  and 
if  environmental  conditions  are  uniform,  this  rate  of  diminution 
should  be  constant  and  the  proportion  should  die  away  in  a  regular 
manner,  in  fact  in  geometric  progression.  There  is  a  possibility, 
as  will  be  elsewhere  noted  (page  78),  that  emigration  immediately 
after  marking  may  be  greater  than  later.  The  object  of  securing 
data  from  several  successive  recatches  is  to  extrapolate  the  curve 
thus  obtained  to  the  day  of  release  in  order  to  estimate  the  propor- 
tion of  marked  mosquitoes  that  would  have  been  recovered  had  it 
been  possible  to  recatch  immediately  after  release.  In  these  experi- 
ments only  the  female  population  is  considered,  and  all  quantities 
refer  to  females  only. 

Since  the  number  of  mosquitoes  caught  for  examination  on 
recatch  days  varied,  the  first  step  in  the  procedure  of  calculating 
the  population  is  to  correct  the  number  of  recaptures  (y)  as  if  some 
constant  number  of  mosquitoes  had  been  released  and  the  same 
number  caught  on  each  recapture  day.  This  number  was  selected 
as  20,000  and  corrections  were  made  according  to  the  following 
equation: 

y  =  Number  marked  mosquitoes  recaught  x  20,000  x  20,000 
No.  mosq.  marked  x  No.  caught  for  examination 


Population  of  Anopheles  Quadrimaculatus 


73 


An  example  of  this  correction  (employing  data  from  the  first  Reel- 
foot  Experiment)  would  be  as  follows: 

Marked  Caught  on  Recapture  Days 

30,070         19,005    23,475    18,753    14,561    13,017  16,946 

Recaptures 

52         16  9  4  2  0 

the  first  correction  (yi)  will  be     52  x  20,000  x  20,000 

30.070  x  19,005 

and  the  second  (yO  will  be     16  x  20,000  x  20,000,  etc. 

30,070  x  23,475 

The  six  corrected  figures  will  then  be 

yi  y2  y3  y±  ys  ye 

36.40        9.08        6.4  3.68        2.04  0.0 

The  figure  which  it  is  desired  to  obtain  is  yo  or  the  number  of 
marked  mosquitoes  which  would  have  been  recovered  could  re- 
catching  have  been  carried  out  immediately  after  release.  To  this 
end,  r,  the  average  ratio  of  each  value  of  y  to  the  value  preceding  it 
must  be  calculated. 

Mr.  W.  L.  Stevens  (Jackson  1939,  p.  240)  showed  that  when 
k  or  the  number  of  samples  is  6,  the  following  equation  gives  the 
most  accurate  estimate 


y34~y44-y5  4-ye 
i+y2+y3  +y4 

which  for  the  example  above  gives  the  figure,  r  =  0.4670 
The  equation  to  find  yo  is  as  follows 


yx+y2+y34-y,+y5  _(yi+y2+y3+y0 


vo 

r 


which  for  our  example  gives,  yo  =  67.78. 

It  follows  then  from  the  original  principle  that  the  population 
(p)  will  be  given  by  the  equation 

20,000x20,000 

p  =   '  

yo 

which  in  our  example  gives  a  final  population  figure  of  about 
5,900,000. 


74 


National  Malaria  Society  Journal 


For  calculating  the  error  of  the  population  estimate,  Jackson 
(1926,  1939)  gives  the  imposing  equation  for  the  standard  error 

(s)  of  yo 

s3—?- [(2-r)¥Air+(l-r)4(A2r2+.  .  .  +A-2rk-2)+(l-2r)2A-irk-,+A'rk] . 

The  values  Ai,  A2,  etc.  in  the  above  equation  are  correction  fractions 
for  the  numbers  marked  and  are  derived  by  dividing  the  product 
of  the  number  marked  and  the  number  recaptured  into 
20,000  x  20,000.   Jackson  states  that  this  equation  may  be  written 

s2  =  yoAif(r) 

if  the  values  of  A  are  not  very  unequal.  Values  of  f(r)  can  be  cal- 
culated for  a  series  of  values  of  r  once  and  for  all  from  the  equation 

f(0  =  log{y[(2-r)2r3+(l-r)4(r2+r3+r4)+(l-2r)V+r6]} 


In  our  calculations  of  the  standard  error  of  yo,  we  used  values 
of  f(r)  taken  from  Jackson's  table  for  k  =  6  and  substituted  them 
in  the  shorter  equation  (Jackson,  1939). 


Figure  1.  Aerial  photograph  of  400  acre  experimental  area  at  Reelfoot  Lake. 
Margin  of  lake  is  in  foreground. 
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EXPERIMENTS'  AT  REELFOOT  LAKE 

Three  experiments  in  applying  Jackson's  technique  to  mos- 
quito study  were  conducted  at  Walnut  Log,  Reelfoot  Lake.  A  four 
hundred  acre  tract  of  rectangular  shape  lying  between  the  Upper 
Blue  Basin  of  Reelfoot  Lake  and  the  better  than  100  foot  high 
bluff  to  the  east  was  used.  This  area  is  shown  in  the  aerial  photo- 
graph (figure  1)  where  it  is  outlined  by  heavy  white  lines.  As 
may  be  seen,  the  territory  is  about  75  percent  wooded  and  consists 
entirely  of  alluvial  bottomland.  Besides  the  lake  proper  there  are 
several  semi-permanent  basins  within  the  area  itself  which  are  the 
source  of  some  mosquitoes  except  in  very  dry  seasons.  Figure  2 
is  an  oudine  map  of  the  same  area  as  the  photograph,  and  on  it  are 


Figure  2.  Diagram  of  400  acre  area  showing  all  buildings  and  roads. 
Numbered  buildings  figure  in  this  report. 


marked  all  the  buildings  present  in  the  area,  as  well  as  some  of 
the  physical  features.  Of  these  buildings  those  that  figure  in  this 
report  are  numbered.  Also  shown  on  this  map  is  the  subdivision 
of  the  area  into  sixteen  subareas  which  were  used  in  the  release 
of  marked  mosquitoes. 

In  the  experiment  area  dwells  a  population  of  a  little  over 
100  persons.  Most  of  these  show  a  malaria  history,  although  at 
present  there  seems  to  be  little  malaria  in  the  area. 

All  of  the  experiments  at  Reelfoot  Lake  were  essentially 
similar.   Collections  for  marking  were  made  from  buildings  2,  3,  5, 
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and  6  in  the  first  and  second  and  from  buildings  2,  3,  and  6  in 
the  third  experiments.  Below  in  tabular  summary  are  the  numbers 
taken  for  marking  from  each  in  the  three  experiments: 


1st  Expt. 

2nd  Expt. 

3rd  Expt 

Wollaston  No.  2 

17,180 

25,000 

22,912 

Morton  No.  3 

1,960 

5,400 

2,087 

Scott  No.  5 

3,800 

2,620 

McQueen  No.  6 

7,130 

9,800 

5,901 

30,070 

42,820 

30,900 

Mosquitoes  were  released  immediately  after  catching  and 
marking  in  shady,  cool  places,  usually  near  favorable  natural  resting 
places.  Mosquitoes  were  in  each  experiment  caught  in  16  groups— 
as  nearly  equal  as  possible— of  approximately,  2000  mosquitoes 
each.  These  sixteen  groups  were  released,  one  group  near  the 
center  of  each  of  the  subareas  shown  in  figure  2.  The  vacuum 
catcher  which  has  been  previously  described  was  used  for  collection 
and  marking  was  with  gold  and  aluminum  bronzing  dusts  (Eyles, 
1943).  The  catching,  marking,  and  release  of  the  30,000  to 
40,000  mosquitoes  took  from  five  to  six  hours. 

In  the  first  two  experiments  the  numbers  of  mosquitoes  released 
were  estimated  on  the  basis  of  previous  counts  of  catcher  samples; 
in  the  third  experiment  the  mosquitoes  were  weighed  after  each 
catch,  and  although  the  balance  used  was  not  delicate,  the  latter 
method  should  be  much  more  accurate.  From  the  weight  of  a 
known  number  of  mosquitoes  was  calculated  by  proportion  the 
number  in  each  catcher  sample.  This  method  is  more  fully  out- 
lined elsewhere  (Eyles,  1943). 

In  the  introductory  principle,  it  is  stated  that  a  random  sample 
of  mosquitoes  should  be  marked.  Actually  the  most  readily  avail- 
able mosquitoes,  those  in  barns  and  similar  diurnal  resting  places, 
must  be  marked  as,  with  present  technical  methods,  only  those 
can  be  collected  in  sufficiently  large  numbers.  In  practice  an  at- 
tempt was  made  to  collect  mosquitoes  for  marking  from  barns  in 
all  parts  of  the  area,  and,  after  marking  the  mosquitoes  were  released 
in  equal  groups  over  all  the  area  studied.  This  method  of  catching 
and  release  should,  in  our  opinion,  satisfy  the  requirements  of  a 
representative  sample. 

Recatches  were  also  made  in  all  four  quadrants  of  the  study 
area,  and  since  recatches  were  considered  only  at  three  day  intervals, 
a  sufficient  time  was  thus  allowed  after  release  for  the  marked 
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mosquitoes  to  redistribute  themselves  and  become  thoroughly  mixed 
with  the  unmarked  population.  With  some  lapses,  recatches  were 
made  daily  and  a  consideration  of  the  results  from  these  daily 
recatches  led  to  the  choosing  of  the  three  day  interval  as  that  most 
likely  to  give  a  correct  population  estimate.  From  figure  3  and 
tables  1-3  it  will  be  seen  that  data  from  the  first  few  days'  observa- 
tions result  in  a  concave  curve  when  plotted  logarithmically; 
whereas,  after  about  the  third  day  the  decline  in  proportion  of 
marked  mosquitoes  is  constant  and  plotting  gives  a  straight  line. 
Accordingly,  data  were  taken  at  three  day  intervals  as  it  apparently 
took  three  days  for  the  marked  mosquitoes  to  become  intimately 
mixed  with  the  unmarked  population.  That  is,  failure  of  complete 
mixing  depressed  recovery  proportions  for  the  first  two  days. 


1ST  EXPT.  2ND  EXPT.  3RD  EXPT. 

Figure  3.  Graphs  comparing  lines  obtained  from  plotting  data  taken  at  single 
and  three  day  intervals.  Data  is  plotted  logarithmically;  open  circles  represent 
data  taken  at  one  day  intervals,  and  solid  circles  data  taken  at  three  day  intervals. 


Recatches  were  made  with  the  vacuum  catcher;  the  mosquitoes 
were  chloroformed;  and  their  numbers  were  estimated  by  weighing. 
The  number  of  marked  and  unmarked  mosquitoes  thus  killed  were 
so  small  in  proportion  to  the  total  population  as  calculated  that  these 
were  not  considered  in  the  calculation  of  populations. 

On  Tables  1-3,  below,  are  summarized  the  recatch  figures 
individually  from  the  various  catching  places,  and  at  the  foot  of 
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each  table  is  given  the  total  recatch  by  days  and  the  y-values  cal- 
culated as  described  in  the  section  on  Method  of  Study.  Only  the 
figures  in  bold  type  (the  data  at  three  day  intervals)  were  used  in 
calculating  the  populations. 

Table  4  summarizes  the  data  for  the  three  experiments.  As 
may  be  seen,  populations  measured  successively  at  two  week  in- 
tervals were  found  to  be  5,900,000;  3,400,000,  and 

4,050,000 

respectively.  The  standard  error  of  these  estimates  is  also  noted 
on  the  table.  Thus  it  was  found  that  in  the  vicinity  of  Walnut 
Log,  Reelfoot  Lake,  density  of  Anopheles  quadrimaculatus  ran  from 
8,450  to  14,750  females  per  acre. 

POSSIBLE  SOURCES  OF  ERROR 

In  respect  to  the  above  calculations,  we  have  tried  to  sum- 
marize the  factors  which  may  make  the  calculations  result  in  error. 
The  population  figure  will,  of  course,  be  erroneous  to  the  same 
degree  that  the  original  estimate  of  the  numbers  released  is  in  error. 
Probably  when  figuring  by  catcher-full  this  error  would  not  be 
over  15  to  20  percent  (Eyles,  1943),  but  it  is  believed  that  weighing 
(with  the  catcher  sealed  airtight)  gives  a  more  accurate  figure. 

The  second  possible  source  of  error  is  an  initial  excessive  dis- 
persal before  the  first  recatch.  The  data  show  that  the  decline  in 
proportion  of  marked  mosquitoes  is  regular  after  the  first  recatch, 
but  with  the  present  technique  it  is  impossible  to  determine  what 
occurs  on  the  first  night  after  release.  We  hope  to  be  able  to 
obtain  data  to  uphold  or  disprove  this  speculation  through  the  use 
of  more  than  one  marking  color.  This  initial  great  emigration 
would  be  likely  if  it  proves  that  A.  quardrimaculatus  females  have 
a  limited  beat  or  ambit  from  which  they  rarely  escape  during  their 
life,  but  if  dispersion  is  random,  it  is  probable  that  no  such  initial 
dispersion  occurs. 

Another  factor  which  might  lead  to  error  would  be  the  sudden 
immigration  (or  birth  within  the  area)  of  large  broods  of  females 
A.  quadrimaculatus  during  the  recatch  period.  This  would  lower 
irregularly  the  proportion  of  marked  mosquitoes,  but  dipping  in 
previous  years  at  Reelfoot  indicates  that  the  addition  of  new  mos- 
quitoes to  the  population  is  fairly  regular,  particularly  in  the  late 
summer  months. 

Evidence  for  or  against  homing  was  sought  after  for  positive 
evidence  would  add  one  more  source  of  error.  It  was  decided  that 
if  it  was  found  that  an  abnormally  high  percentage  of  mosquitoes 
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tvas  recovered  from  barns  from  which  they  were  originally  caught 
for  marking,  this  would  constitute  good  evidence  for  homing.  Actu- 
ally, the  resting  place  in  which  was  found  the  greatest  proportion 
of  marked  mosquitoes  was  a  source  of  mosquitoes  for  marking,  but 
other  buildings  which  were  not  used  as  a  source  had  proportions 
almost  as  high,  and  the  building  with  the  lowest  proportion  of  re- 
coveries was  also  a  source  of  mosquitoes  for  marking.  Thus  it  was 
concluded  that  the  evidence  gave  no  indication  of  homing. 

SUMMARY 

A  method  for  measuring  the  real  density  of  Anopheles  quadri- 
maculatus Say  females  is  presented,  and  the  results  of  three  efforts 
to  apply  this  method  in  the  vicinity  of  Reelfoot  Lake,  Tennessee,  are 
given.  In  this  area  of  exceptionally  high  mosquito  density,  the 
average  number  of  A.  quadrimaculatus  females  per  acre  was  found 
to  be  11 ,000,  this  being  derived  from  three  measurements  in  July 
and  August.  Possible  sources  of  error  in  this  method  are 
pointed  out. 
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A  METHOD  FOR  CATCHING,  MARKING, 
AND  REEXAMINING  LARGE  NUMBERS  OF  ANOPHELES 
QUADRIMACULATUS  SAY 

By  Don  E.  Eyles 
Associate  Biologist 

From  the  Office  of  Malaria  Investigations,  Division  of  Infectious  Diseases, 
National  Institute  of  Health 

The  following  technique  was  developed  during  the  past  two 
years  in  connection  with  experiments  on  flight  range,  dispersion, 
and  related  problems  concerning  Anopheles  qnadrimacitlatiis.  This 
method  provides  a  means  of  handling  much  larger  numbers  of  this 
species  of  mosquito  than  previously  described  techniques. 

CATCHING 

For  the  catching  of  mosquitoes  a  vacuum  cleaner  with  suitable 
modification  was  employed.  A  cleaner  of  the  tank  type  using  a  V\ 
h.p.  A.C.-D.C.  motor  was  found  to  be  most  suitable  as  it  could  be 
powered  with  a  portable  D.C.  generator  if  an  A.C.  line  was  not 
available.  At  the  end  of  the  cleaner  tube  (a  double  length  tube 
facilitated  reaching  inaccessible  corners  or  high  places  in  the  resting 
places)  a  catching  chamber  was  attached  as  shown  in  the  diagram 
and  photographs  (figures  1,  2,  and  3).  This  was  constructed  from 
two  6  3-8  inch  diameter  pantry  cans  set  end  to  end.  An  intake 
"spout"  through  which  the  mosquitoes  enter  was  affixed  to  the  top 
of  one  can.  In  cross-section  the  spout  was  a  little  less  than  two  by 
four  inches,  but  the  size  of  this  can  be  modified  for  different  catch- 
ing conditions.  At  the  bottom  of  the  upper  can  is  cut  a  hole  5  inches 
in  diameter,  thus  leaving  a  narrow  rim  around  the  bottom,  and  to 
this  rim  is  affixed  by  screws  the  top  of  the  lower  can  with  a  similar 
5  inch  hole.  Between  these  two  is  placed  a  piece  of  bobinet  or 
cheesecloth  and  a  gasket  of  rubber  and  all  of  the  components  are 
drawn  together  tightly.  Thus  the  top  can,  in  which  the  mosquitoes 
are  caught,  will  fit  firmly  onto  the  lower  can.  At  the  bottom  of  the 
lower  can  is  mounted  a  sink  drain  piece  to  which  in  turn  is 
fastened  the  cleaner  tube. 

In  operation  (figures  2  and  3)  mosquitoes  are  drawn  into  the 
intake  "spout"  by  the  rapidly  moving  stream  of  air  and  are  brought 


'Presented  at  the  joint  Meeting  of  the  National  Malaria  Society  and  the 
American  Society  of  Tropical  Medicine,  Richmond,  Va.,  November  12,  1942. 
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Figure  I.  Schematic  diagram  of  mosquito-catcher. 
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down  into  the  catching  chamber  where  the  air  movement  is  distri- 
buted over  a  much  greater  area.  Mosquitoes  caught  and  kept  in  this 
catcher  for  15  minutes  showed  no  greater  mortality  than  controls 
which  were  caught  by  forcing  wild  mosquitoes  to  fly  into  an  open 
ended  cage. 


Figure  2.  Photograph  of  catching  operation  showing  portable  generator, 
vacuum  cleaner,  and  catcher. 

With  this  apparatus  2,000  to  3,000,  perhaps  more,  mosquitoes 
can  be  caught  at  one  time  without  injury,  and  on  one  occasion  in 
the  course  of  six  hours  about  40,000  were  captured,  the  chief  limit- 
ing factor  being  the  availability  of  mosquitoes.  During  the  1942 
season  over  875,000  mosquitoes  were  caught  by  this  and  the  method 
described  below. 

Numbers  of  mosquitoes  can  be  estimated  from  previously 
counted  catcher  samples,  or  can  be  determined  by  tightly  closing 
the  catching  chamber  at  both  ends  and  weighing  it  and  its  contents, 
subsequently  subtracting  the  weight  on  the  can  alone.  From  this 
weight  can  be  calculated  the  number  of  mosquitoes  if  the  weight 
of  a  given  number  be  known.  In  general  a  gram  consisted  of  250 
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to  300  mosquitoes,  but  this  varied  from  resting  place  to  resting 
place,  the  number  being  smaller  in  the  resting  places  in  which  was 
found  the  greatest  proportion  of  freshly  fed  females.  Suitable  allow- 
ance can  be  made  for  male  or  culicine  mosquitoes  accidentally 
caught.  In  estimating  numbers  from  previously  counted  catcher 


Figure  3.  Close  up  photograph  of  catcher  in  operation. 

samples,  a  consideration  of  the  variation  in  these  counts  would 
indicate  an  error  of  not  over  15  to  20  per  cent. 

For  catching  mosquitoes  for  killing,  when  it  was  immaterial 
that  they  not  be  harmed,  a  mailing  tube  2  inches  in  diameter  and 
inches  long,  with  a  bobinet  screen  near  the  bottom,  was  attached 
by  means  of  a  rubber  adaptor  to  the  vacuum  cleaner  tube  (Figure 
4).  This  chamber  was  prepared  by  sawing  off  the  mailing  tube 
about  1  ^2  inches  from  the  bottom;  the  bobinet  was  then  placed  in 
position  and  the  tube  mended  with  adhesive  plaster.  The  advantage 
of  this  catcher  lies  in  the  small  aperture,  which  allows  a  rapidly 
moving  stream  of  air  to  enter,  and  its  light  weight.  After  catching, 
the  open  end  of  the  chamber  is  closed  with  a  mailing  tube  cap;  a 
plug  of  cotton  dampened  with  chloroform  is  placed  in  the  bottom 
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end  and  a  cap  also  put  on  this  end.  A  few  minutes  suffice  to  kill 
the  mosquitoes  and  they  are  ready  in  a  convenient  container  for 
later  examination.  Only  500  to  1,000  mosquitoes  could  be  caught 
in  this  apparatus,  but  these  could  be  caught  in  a  matter  of  a  few 
minutes.  No  experiments  were  carried  out  to  determine  the  dele- 
terious effects  of  this  catcher,  but  no  visible  harm  was  done  the 
mosquitoes. 


Bob i net 


Rue  Beit  Q  on  pro* 


To  VfiOJUH  CLEME* 
Figure  4.  Schematic  diagram  of  rapid  catcher  made  from  mailing  tube. 

This  method  is  an  elaboration  and  improvement  of  the  tech- 
nique described  in  an  earlier  report  (Eyles,  1943).  Griffitts  and 
Griffitts  (1931)  described  the  use  of  a  vacuum  catcher  in  capturing 
mosquitoes  in  airships. 
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MARKING 

Mosquitoes  were  marked  with  fine  aluminum  or  gold  bronzing 
dusts,  a  medium  which  was  first  described  by  Majid  (1937).  The 
varieties  designated  as  striping  or  lining  were  most  satisfactory  (a 
manufacturer  states  that  the  latter  contains  a  large  percentage  of 
particles  under  25  microns  in  diameter).  These  dusts  were  applied 
to  the  mosquitoes,  in  the  catching  chamber  previously  described,  by 


Figure  5.  Photograph  showing  method  of  searching  for  marked  mosquitoes. 


means  of  an  atomizer.  An  excess  may  be  applied  without  harm  to 
the  mosquitoes  as  it  appears  that  only  a  certain  amount  will  adhere 
to  them.  Analysis  by  the  Division  of  Chemistry  of  the  National 
Institute  of  Health,  U.  S.  Public  Health  Service,  disclosed  that  a 
sample  lot  of  300  marked  mosquitoes  bore  an  average  of  0.05  milli- 
grams of  aluminum  per  mosquito  (Eyles,  1943).  This  may  be 
compared  with  an  average  mosquito  weight  of  about  three  to  four 
milligrams.  The  natural  variation  in  mosquito  weight  is  many  times 
the  weight  of  the  marking  dust. 

Mosquitoes  after  marking  may  be  released  from  the  catcher 
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cans  themselves  or  may  be  transferred  to  larger  containers  for  tem- 
porary storage.  In  the  case  of  transfer,  care  must  be  taken  not  to 
allow  the  escape  of  marked  individuals.  Experiments  showed  that 
the  marked  mosquitoes  showed  no  greater  mortality  than  controls 
captured  in  the  manner  described  in  the  first  section  of  this  paper. 
Other  experiments  showed  that  the  dusts  were  not  transferred  from 
one  mosquito  to  another.  That  the  markings  are  durable  is  evi- 
denced by  the  capture  after  26  days  of  a  distinctly  marked  individual. 

REEXAMINATION 

The  examination  of  captured  mosquitoes  for  markings  is 
macroscopic  and  can  be  done  very  rapidly.  I  routinely  examined 
15,000  to  25,000  daily,  and  at  times  examined  and  counted  as  many 
as  3,000  in  one  hour.  The  method  is  merely  to  pour  a  moderate 
number  of  mosquitoes  (about  200  at  one  time)  into  a  white  enam- 
eled pan  and  examine  each  mosquito  individually  but  briefly  under 
the  light  of  an  ordinarv  microscope  lamp  (figure  5).  The  marked 
mosquitoes  thus  located  will  shine  brightlv.  Ordinarilv  the  number 
of  mosquitoes  in  a  lot  from  one  catching  station  was  estimated  bv 
weighing,  but  actual  counting  does  not  slow  the  process  down  too 
much. 

SUMMARY 

A  method  of  catching  large  numbers  of  Anopheles  qnadrimacii- 
latus  with  no  ill  effects  to  the  mosquitoes  is  described.  With  this 
apparatus,  the  principal  factor  limiting  the  number  of  mosquitoes 
which  may  be  caught  is  their  availability.  A  secondary  apparatus 
is  described  for  catching  quickly  mosquitoes  for  killing. 

Attention  is  called  to  the  use  of  metallic  bronzing  dusts  for 
marking  mosquitoes,  and  the  technique  of  marking  is  described. 
The  advantage  of  this  marking  medium  is  the  fact  that  marked 
insects  may  be  detected  macroscopically.  The  technique  of  detec- 
tion is  also  described. 
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THE  INTERSECTION  LINE  AS  A  FACTOR 
IN  ANOPHELINE  ECOLOGY 

By  A.  D.  Hess  and  Thos.  F.  Hall* 

INTRODUCTION 

It  has  long  been  recognized  that  the  production  of  Anopheles 
quadrimaculatus  is  closely  associated  with  the  presence  of  vegetation 
and  flotage.  For  this  reason  it  was  believed  that  population  densi- 
ties of  Anopheles  larvae  might  be  correlated  with  the  density  of 
vegetative  cover  or  of  flotage;  however,  studies  reported  by  Hinman 
et  al  (1940)  in  the  Tennessee  Valley  gave  no  indication  of  such 
a  correlation.  In  this  report  it  was  suggested  that  "the  percentage 
of  cover  actually  in  contact  with  the  water  surface  is  more  important 
than  the  total  amount  of  cover".  Subsequently  Penfound  (1941) 
elaborated  upon  this  idea  and  presented  a  graph  showing  the  theo- 
retical relationships  between  larval  densities,  plant  cover,  and  inter- 
section line  (termed  by  him  "plant  surface-water  surface  border"). 
During  the  summer  of  1941  a  preliminary  study  was  made  of  these 
relationships,  using  lotus  (Nelumho  lutea)  as  the  test  plant  (Hess, 
1941).  Additional  studies  were  carried  out  during  the  summer  of 
1942.  The  present  report  presents  a  brief  summary  of  the  data 
obtained. 

DEFINITIONS 

"Intersection  line"  is  defined  as  "the  line  of  intersection 
between  three  interfaces,  water-air,  water-plant,  and  plant-air". 
Thus,  for  a  floating  leaf  the  intersection  line  is  the  perimeter  of  the 
leaf  where  it  intersects  the  water  surface;  for  an  emergent  stem, 
it  is  the  perimeter  of  the  stem  at  the  water  surface;  etc.  Although 
strictly  speaking  it  is  not  correct  to  refer  to  the  "amount  of  a  line", 
it  is  convenient  to  refer  to  the  linear  extent  of  the  intersection  line 
as  the  "amount  of  intersection  line"  as  we  might  refer  to  the  amount 
or  length  of  a  clothesline  or  rope. 

"Intersection  value"  may  be  defined  as  "the  number  of  meters 
of  intersection  line  per  square  meter  of  water  surface".    Thus,  a 


*From  Laboratory  Services,  Health  and  Safety  Department,  Tennessee  Valley 
Authority,  Wilson  Dam,  Alabama,  November  3,  1942. 
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square  meter  of  water  surface  containing  five  meters  of  intersection 
line  would  have  an  intersection  value  of  5.  This  value  is  used  for 
convenience  in  making  comparisons  of  different  areas. 

METHODS 

Plots  were  chosen  with  only  floating  leaves  of  lotus  and  with 
a  minimum  or  absence  of  flotage  and  vegetation  other  than  lotus; 
thus,  the  intersection  line  within  the  area  was  limited  to  that 
produced  by  the  floating  leaves  of  lotus.  In  this  way  a  simple 
situation  was  provided  for  testing  the  relationships  between  cover, 
intersection  line,  and  larval  densities. 


Figure   1.   Sampling  frame  in  place. 


Wooden  frames  either  one-half  or  one  meter  square  and  eight 
inches  deep  were  used  to  enclose  each  sample  area  (See  Figure  1). 
The  frames  floated  with  the  sides  extending  several  inches  below  the 
water  surface,  and  observations  indicated  that  the  Anopheles  larvae 
did  not  escape  from  the  frames  when  disturbed. 

After  placing  the  frames  in  the  water,  the  per  cent  cover  within 
the  enclosed  area  was  estimated  and  recorded.  The  diameter  of 
each  floating  leaf  within  the  enclosed  area  was  then  measured  and 
later  converted  to  the  circumference,  making  proper  allowance  for 
the  overlapping  of  leaves  and  the  intersection  of  leaves  with  the 
sides  of  the  frame.  The  total  leaf  circumference  in  contact  with 
the  water  surface  was  taken  as  the  amount  of  intersection  line 
within  the  enclosed  area,  and  from  this  the  intersection  value  was 
calculated. 

After  the  leaves  were  measured,  they  were  removed  and  the 
anopheline  larvae  within  the  frames  were  counted  and  recorded. 
This  operation  was  facilitated  by  muddying  the  water  beneath  the 
frame. 


The  Intersection  Line 
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RESULTS 

During  July  and  August  of  1942  study  was  made  of  1 1 1  plots, 
each  one-  half  meter  square  (area  one-fourth  square  meter).  These 
plots  were  located  in  lotus  with  floating  leaves  only  about  one-half 
the  normal  size,  thus  making  it  possible  to  use  the  one-half  meter 
quadrats.  The  results  of  these  studies  are  summarized  in  the  ac- 
companying graph  ^Figure  2). 

The  relationships  shown  in  Figure  2  agree  closely  with  the 
predictions  made  by  Professor  Penfound  0941).  As  the  number  of 
"loating  leaves  (cover)  increased,  the  amount  of  intersection  line 
also  increased  up  to  the  point  where  the  leaves  began  to  overlap; 
then,  with  further  increase  in  the  number  of  leaves  and  more  over- 
lapping, the  amount  of  intersection  line  decreased;  finally,  when 
the  cover  approached  100  per  cent,  the  water  surface  was  almost 
completely  covered  by  the  overlapping  leaves,  thereby  greatly  re- 
ducing the  amount  of  intersection  line.  In  individual  samples 
where  the  cover  of  floating  leaves  actually  reached  100  per  cent, 
there  was  no  longer  any  air-water  interface,  and  the  intersection 
line  was  therefore  completely  eliminated.  Larval  densities  closely 
paralleled  the  intersection  values,  thus  indicating  a  high  positive 
correlation  between  the  production  of  Anopheles  larvae  and  the 
amount  of  intersection  line.  Consequently,  the  highest  larval 
densities  occurred  with  a  medium  cover,  while  low  densities  oc- 
curred with  both  high  and  low  cover. 

DISCUSSION 

It  should  be  pointed  out  that  the  relationships  between  the 
amount  of  cover  and  the  amount  of  intersection  line  will  not  be 
the  same  for  different  types  of  vegetation  or  for  the  same  type 
under  different  situations,  especially  with  reference  to  water  levels; 
however,  the  important  point  is  the  correlation  between  the  amount 
of  intersection  line  and  larval  densities.  If  the  relationship  of 
these  two  factors  is  similar  in  other  species  of  vegetation  to  that 
found  in  lotus,  then  the  intersection  line  may  be,  as  suggested  by 
Professor  Penfound  (1941),  "the  most  important  single  factor 
in  the  production  of  anopheline  larvae  ". 

Several  possible  reasons  for  the  correlation  between  larval 
densities  and  intersection  values  are  apparent:  (1)  the  intersection 
line  may  furnish  larvae  physical  protection  from  their  natural 
enemies,  (2)  the  intersection  line  may  furnish  a  microcosm  for 
the  production  of  epiphytic  algae  and  other  food  organisms  of 
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FIG.  2  INTERRELATIONSHIP  OF  PLANT  COVER, 
INTERSECTION  VALUES.  AND  LARVAL 
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anopheline  larvae,  and  (3)  the  intersection  line  may  produce  a 
more  favorable  situation  for  opposition  by  the  adult  female  mos- 
quitoes by  dividing  the  water  surface  into  small  cells  of  quiet  water 
(Rozeboom  and  Belkin,  1942).  It  is  interesting  to  note  that  these 
three  reasons  express  the  three  fundamental  requirements  for  the 
successful  propagation  of  any  species:  food  shelter,  and  facilities 
for  reproduction. 

The  general  assumption  that  densities  of  Anopheles  larvae  are 
positively  correlated  with  the  amount  of  intersection  line  clarifies 
a  number  of  puzzling  situations  with  regard  to  the  biology  and  con- 
trol of  anopheline  larvae.   Among  these  are  the  following: 

1.  Failure  to  establish  correlations  between  larval  densities 
and  plant  cover  (Hinman,  1940). 

The  relationships  for  floating-leaved  plants  are  illustrated 
by  the  data  on  lotus.  Erect,  emergent  vegetation  will  produce  a 
high  intersection  value  and  may  show  high  larval  densities  when  the 
water  level  is  up  in  the  leaf}"  portion  of  the  plant,  but  will  produce 
low  intersection  values  and  low  larval  densities  when  the  water  level 
is  down  around  the  naked  portion  of  the  stems.  Submerged  vege- 
tation normally  creates  no  intersection  line  and  produces  no  ano- 
pheline larvae,  but  during  flowering  periods  or  low  water  levels,  it 
may  intersect  the  water  surface,  resulting  in  a  high  intersection 
value  and  a  high  production  of  larvae. 

2.  Failure  to  establish  consistent  correlations  between  larval 
densities  and  the  amount  of  flotage  (Hinman,  1940). 

The  interrelationships  between  amount  of  flotage,  amount  of 
intersection  line,  and  density  of  Anopheles  larvae  should  be  similar 
to  those  shown  for  floating-leaved  plans.  Thus,  the  maximum  den- 
sity of  larvae  would  be  expected  to  occurr  with  moderate  amounts 
of  flotage,  and,  as  the  amount  of  flotage  increased  and  the  indi- 
vidual pieces  began  to  overlap,  the  intersection  value  and  the  larval 
densities  would  be  expected  to  decrease.  General  observations  in 
the  Tennessee  Valley  tend  to  confirm  these  relationships. 

3.  Variations  in  the  effectiveness  of  water  level  fluctuation 
in  controlling  anopheline  larvae  in  different  types  of 
vegetation. 

General  observations  indicate  that  control  of  anopheline  larvae 
by  water  level  fluctuation  is  most  effective  in  emergent  vegetation, 
that  it  is  least  effective  in  floating  vegetation,  and  that  at  times 
it  may  actually  favor  production  in  submerged  vegetation.  The 
intersection  line  theory  offers  a  plausible  explanation  of  these 
relationships.  Thus,  in  emergent  vegetation,  such  as  Saunmis 
cerninis,  when  the  water  level  recedes  from  the  upper  leafy  portions 
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down  around  the  naked  stems,  the  amount  of  intersection  line  is 
greatly  reduced,  and  consequently  the  production  of  larvae  is  also 
greatly  reduced.  In  floating  vegetation,  the  amount  of  intersection 
line  is  not  affected  by  changing  water  levels,  and  larval  control  by 
water  level  fluctuation  is  therefore  ineffective.  In  submerged  vege- 
tation, receding  water  levels  may  cause  the  plants  to  break  the 
water  surface  and  create  a  high  intersection  value  which  will  result 
in  an  increase  rather  than  a  decrease  in  larval  production. 

SUMMARY 

"Intersection  line"  is  defined  as  "the  line  of  intersection 
between  three  interfaces,  water-air,  water-plant,  and  plant-air". 
"Intersection  value"  is  defined  as  "the  number  of  meters  of  inter- 
section line  per  square  meter  of  water  surface". 

One  hundred  and  eleven  samples  collected  in  floating  leaves 
of  lotus,  Nehimbo  lutea,  indicated  a  high  positive  correlation  be- 
tween the  intersection  value  and  the  population  density  of 
Anopheles  quadrimaculatiis  larvae. 

The  intersection  line  theory  offers  an  explanation  for  a  number 
of  puzzling  situations  with  regard  to  the  biology  and  control  of 
anopheline  larvae. 
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